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DETECTION OF LACTIC ACID IN MILK AND CREAM 


H. C. TROY anp PAUL F. SHARP 
Department of Dairy Industry, Cornell University, Ithaca, N. Y. 


Lactic acid is usually the principal acid produced when milk sours. 
For this reason, in America the titratable acidity of milk is often expressed 
as lactic acid. The increase in acidity due to souring is called ‘‘developed’”’ 
or ‘‘real’’ acidity, as contrasted to the ‘‘original’’ acidity of the fresh milk. 
It has been stated many times in the literature that fresh milk contains no 
laetic acid. Our results indicate that if fresh milk contains lactic acid, the 
amount present is not over about 0.002 per cent. A qualitative test show- 
ing the presence of more than this amount would indicate souring. A 
quantitative determination of lactic acid would serve as an indication of the 
degree of souring. 

_ The titratable acidity of fresh milk usually falls between the limits of 
0.12 and 0.20 per cent, although extreme variations ranging from 0.05 to 
0.50 have been reported (2). The great variation in the original acidity 
shows the unreliability of the titratable acidity as an indication of the pres- 
ence of small amounts of developed acidity in unknown samples. Sharp 
and MeInerney (2) have shown that by taking advantage of the relation- 
ship between the pH and titratable acidity, and the influence of developed 
acidity and neutralization on this relation, an indication of the developed 
acidity of the milk can be gained. This method serves if the developed 
acidity amounts to a few hundredths per cent. The bacterial count is also 
useful as an indication of small amounts of acidity in raw milk, but is unre- 
liable in the case of pasteurized milk and cream. 

Controversies between buyer and seller constantly arise as to the fresh- 
ness of dairy products when the titratable acidity is higher than average 
but within the normal range, or when neutralization of the developed acid- 
ity is suspected. These disputes could be settled by a direct determination 
of lactic acid in the product. A direct determination of lactic acid in 
eream would serve as a valuable indicator of its quality, particularly if it 
is to be frozen and stored, since cream may have been neutralized and pas- 
teurized. While a small amount of lactic acid in some of these products 
probably does no harm, it is the other associated bacteriological changes 
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which may be harmful, and the presence of lactic acid serves as an indica- 
tion that such changes have occurred. 

Methods used for the determination of lactic acid after the removal of 
interfering substances may be classified as follows: 


1. Precipitation of the lactie acid as an insoluble salt; for example, 
as zine lactate (quantitative). 
2. Oxidation of lactic acid to some substance more readily deter- 
mined. 
A. Oxidation to acetaldehyde and detection of acetaldehyde by 
a. Color test. 
b. Sulfite binding on distilling (quantitative). 
e. Formation of iodoform on distilling (quantitative }. 
B. Determining CO, formed in partial oxidation (quantitative). 
C. Oxidation to oxalic acid and determining oxalate (qnantita- 
tive). 


The oxidation of lactie acid to acetaldehyde, and the qualitative detee- 
tion of the acetaldehyde by color reactions and its quantitative determina- 
tion by sulfite binding, seemed to be the most promising procedures. For 
this reason the investigations were restricted to a study of these methods. 

A later article will describe the quantitative procedure. The principal 
difficulty arose in the separation of lactic acid from the interfering sub- 
stances which are present in milk, without recourse to complicated pro- 
cedures. 

PROCEDURE 


Place 125 ee. of milk (more if cream is used) in an Erlenmeyer flask. 
Add 1.3 grams of ammonium sulfate for each 2 ee. of water in the product. 
(The water content need be known only approximately.) Heat the mix- 
ture to 70° C., occasionally shaking vigorously to bring all of the ammo- 
nium sulfate into solution. Cool to below 20° C. and filter through a folded 
filter, refiltering the first portion that passes through the filter. Place 75 
ee. of the filtrate in a separatory funnel, add 4 ce. of 5 normal sulfurie acid 
and 75 ee. of ethyl ether, stopper the funnel, and shake vigorously for 2 
minutes. (Much of the ether used in the dairy industry for the gravimetric 
fat determination is not sufficiently pure, but it may be rendered satisfac- 
tory by shaking with water and distilling from an excess of water.) Allow 
the funnel to stand upright until the ether separates into a clear layer, and 
then draw off the water portion. Again shake, allow to stand, and draw 
off the additional water which settles. A third shaking and settling is a 
good practice. 

Remove the stopper, and with a clean, dry cloth wipe the mouth and 
inside of the neck of the funnel clean and dry. Pour the ether into a glass- 
stoppered flask, using great care not to allow a single drop of the water 
phase to flow out with the ether. Add about 0.05 grams of sodium bicar- 
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bonate to the ether in the flask, and shake vigorously. Pour the ether into 
an evaporating dish, and rinse the flask into the dish with 1 or 2 ce. of 
water. Evaporate the ether by setting the dish on warm water. Evapo- 
rate the watery liquid to dryness over a boiling water bath. Twice rinse the 
dish and residue with petroleum ether, using 10 ce. for each rinsing. Warm 
the dish on hot water each time before discarding the ether. 

Place 1 ec. of water in the evaporating dish, and cause it to flow around 
in the dish to dissolve the residue. Pour the solution into a test tube and 
rinse the dish twice into the tube, using about 0.5 cc. of water for each 
rinsing. Carefully evaporate the water from the test tube by holding it 
in a flame while shaking to avoid spattering. Stop the evaporation when 
about 0.25 ce. remains. Cool and add 2.5 ce. of concentrated sulfurie acid 
(sp. gr. 1.84). Place the tube in boiling water for 1.75 minutes, cool, and 
add one drop of guiacol reagent (10 per cent of guiacol in aldehyde-free 
ethyl aleohol). 

A bright purplish-red color developing in a few minutes, which grows 
to a more intense and darker red on long standing, shows the presence of 
lactie acid in the milk. 

This color test for lactie acid was described by Denigés (1). To gain 
experience and confidence, a sample of milk known to be fresh should be 
divided into three parts. To the first part add enough lactic acid to make 
0.01 per cent, to the second enough to make 0.002 per cent, and add none 
to the third. Carry out the test for lactic acid on the three parts. 


DISCUSSION 


Before obtaining from milk an extract suitable for the application of 
Denigés’ test, we tried many reagents for the precipitation of the proteins, 
but the filtrates obtained, as well as the original milk, when vigorously 
shaken with the ether formed emulsions which did not break even on long 
standing. Finally ammonium sulfate proved to be satisfactory, the emul- 
sions obtained with the filtrates from milk and cream breaking within a few 
minutes, and the emulsions obtained with the filtrates from manufactured 
products, such as condensed milk, dried milk, and ice cream, breaking in 
from 15 to 45 minutes. Ammonium sulfate has other advantages, in that 
it increases the density of the water phase, causing more rapid settling; and 
it changes the water-ether distribution coefficient of lactic acid from about 
10:1 to about 5:1, thereby increasing the amount of lactic acid which 
passes to the ether. Several other immiscible liquids were tried, but none 
gave as satisfactory results as ethyl ether. The petroleum ether extraction 
of the residue in the evaporating dish serves to remove a trace of fatty 
material which is not retained on the filter. When carried out with suffi- 
cient care, a recognizable color difference between a blank on fresh milk 
and fresh milk to which has been added 0.002 per cent of lactic acid can 
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be detected. A very distinct color is obtained with 0.01 per cent. Several 
other substances have been used to produce a color with acetaldehyde. A 
number of these were tried, but guiacol appeared to be the most satisfactory. 

The possibility of developing this procedure into a quantitative colori- 
metric method was considered, but it appeared that the variables might be 
too difficult to control in a satisfactorily quantitative manner. Some idea 
of the amount of lactic acid present ean be obtained, however, from the 
intensity of the color. The amounts of milk, milk filtrate, and ether can 
be reduced proportionately if less sensitivity is desired. The greatest 
liability of error is due to the carry over of drops of the water phase in 
pouring the ether from the separatory funnel. Proteins, fat, and lactose 
give color reactions if present in the test tube. 

This method is applicable to milk, cream, dried milk, condensed milk, 
evaporated milk, and simple vanilla ice cream, whether neutralized or not. 
It is not applicable to chocolate ice cream, and possibly some of the fruits 
and other flavoring materials would contain ether-soluble materials which 
might interfere. 

SUMMARY 


The steps involved are saturation with ammonium sulfate, filtering, 
shaking the filtrate with ethyl ether, separation of the ether layer, neutrali- 
zation of the acid with alkali, evaporation of the ether, washing of the ethyl 
ether residue with petroleum ether, taking up the residue with water, heat- 
ing with sulfuric acid, cooling, and adding guiacol (Denigés test). A red 
color indicates lactic acid. With care the test is sensitive down to about 
0.002 per cent of lactie acid in the milk. 
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THE NUTRITIONAL VALUE OF MILKS—RAW vs. PASTEURIZED 
AND SUMMER vs. WINTER 


C. A. ELVEHJEM anp E. B. HART 
Department of Agricultural Chemistry, University of Wisconsin, Madison 


AND 


H. C. JACKSON anp K. G. WECKEL 
Department of Dairy Industry, University of Wisconsin, Madison 


The consumption of milk by both children and adults has increased in 
recent years. Along with this increase in the use of milk has come a greater 
reliance upon pasteurization as a safeguard against milk-borne diseases. It 
has been estimated (1) that in the United States over 87.5 per cent of the 
milk used in cities of 10,000 population and over is pasteurized. 

Studies on the changes produced in milk by pasteurization are as old as 
the process itself. The question of whether pasteurized milk is equal nutri- 
tionally to raw milk is far from settled at the present time, and each new 
investigation seems to increase the discordance in results. Some of the 
reported work is valueless because it was sponsored by parties either opposed 
to or in favor of pasteurized milk. It is impossible to attempt a review of 
the existing literature on the subject in this short paper. A comprehensive 
review has been published recently by Stirling and Blackwood (2) of the 
Hannah Dairy Research Institute. 

Theoretically it should be very simple to measure the biological value of 
all the nutrients in pasteurized milk and compare these values with those 
obtained with raw milk. In practice we find this method very difficult 
because we are probably not aware of all the nutrient factors in milk and 
because assay of some of the known factors is far from easy. The study 
of raw and pasteurized milks would be greatly simplified if the milk could 
be used as the sole source of the majority of the nutrients. This is now 
possible due to the fact that milk can be mineralized with iron, copper, and 
manganese and thereby rendered complete for normal animal growth. 
Kemmerer, Elvehjem, Hart, and Fargo (3) showed that rats reared from 
weaning on whole cow’s milk mineralized with iron, copper, and manganese 
grew from 60-200 gm. in 36 days, a growth which is comparable in every 
way with the growth of rats on a natural ration. 

Krauss, Erb and Washburn (4) found no difference in the rate of 
growth of rats fed raw and pasteurized milk supplemented with iron and 
copper. However, their animals showed a very slow rate of growth due to 
the absence of manganese and this slow growth may have reduced the 
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requirements sufficiently to prevent the demonstration of any limitations 
in the treated milk. 

In this paper we wish to present results obtained by feeding mineralized 
raw and pasteurized milk produced during the fall, winter, and spring 
months. We want to emphasize that the method which we have used does 
not give the quantitative destruction or inactivation of any individual com- 
ponent due to the heat, but it does demonstrate whether pasteurization 
alters the milk sufficiently to prevent it from supplying the nutrients which 
we rely upon milk to furnish. 


EXPERIMENTAL 


The milk used throughout these experiments was received directly from 
the University of Wisconsin dairy each day. The source of milk was from 
approximately twenty farmers who sell their milk to the dairy. It was 
typical market type and contained about 3.7 per cent fat. One-half of the 
milk was pasteurized in the University dairy before bringing it to the labo- 
ratory. In the pasteurization process the milk was heated to 145° F. in 
a vat and held at that temperature for 30 minutes.* It was then cooled 
over a surface cooler to 40° F. The two milks were therefore identical 
except for the pasteurization process. 

The first feeding trial, which will be described in detail, was started 
October 26, 1932. Three litters of six rats each were taken from the stock 
colony at weaning. The litters were divided as equally as possible accord- 
ing to weight and sex into two groups, one for the raw milk and one for the 
pasteurized. Each animal was put in an individual wire bottom cage and 
fed nothing but the milk supplemented with iron, copper, and manganese. 

The iron was supplied as ferrie chloride, the copper and manganese as 
the sulfates. The minerals were administered as follows: 

First week: 0.5 mg. Fe+0.05 mg. Cu per rat daily in milk. 

Second week: 0.5 mg. — mg. Cu+0.04 mg. Mn per rat daily 

in milk. 
Third week: 1.5 mg. Fe+0.15 mg. Cu+0.15 mg. Mn per 100 ee. of 
milk. 
The rate of mineralization outlined for the third week was continued 
throughout the duration of the experiment. The animals were fed ad 
libitum but during the first 2 weeks the minerals were placed in a small 
amount of milk fed in the morning and additional milk supplied in the 
evening. Beginning the 3rd week 35 ec. of mineralized milk were supplied 
in the morning and additional untreated milk in the evening depending 
upon the amount consumed the previous day. By this method consump- 
tion records were kept without leaving a great deal of unconsumed milk in 
the dishes over night. The animals were weighed weekly. 

*Cherry-Burrell spray type pasteurizer used. Temperature manually controlled. 

Recording thermometer used. 
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All animals except one (Rat 805) grew exceedingly well on these diets 
and remained on the experiment for a period of 30 weeks. Rat 805 
became sick during the fourth week and upon autopsy showed an enlarged 
and highly pigmented liver. Growth curves for two male and two female 
rats on mineralized raw milk and a like number on mineralized pasteurized 
milk are given in Chart I. The males grew from 60 to 200 gm. in about 
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Growth curves for rats grown on mineralized raw and pasteurized milk. The solid 
line indicates raw milk and the broken line pasteurized milk. 


28 days, which is somewhat better growth than previously reported (3). 
It is readily seen from these curves that there is no difference in the 
growth of the rats on the pasteurized and raw milks. The fact that the 
rats on the pasteurized milk grew very well and were maintained for a 
period of 30 weeks demonstrates that there is no serious deficiency due to 
the heat treatment. 

An idea of the physical condition of the animals may be gained from 
Fig. 1 showing the picture of Rat 791 on raw milk and Rat 796 on pas- 
teurized milk. They had been on the milk diet nine weeks at the time the 
picture was taken and weighed within one gram of each other. They were 
in good flesh, their coats were smooth and sleek and their eyes bright. 

When the animals had been on the experiment 10 weeks (14 weeks old) 
ovulation studies were made on the females by vaginal smears. All animals 
ovulated normally. Some of the animals were allowed to mate with pro- 
duction of young as may be seen from the growth record of Rat 794. 
Reproduction studies will not be included in this paper. 

The only abnormal condition which we observed was the presence of 
some respiratory trouble during March and April. However, there was no 
indication that the animals on pasteurized milk were more susceptible, in 
fact Rats 792 and 801 both on raw milk had the most severe attacks. 
Although the temperature of our laboratory was kept very constant, the 
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Fic. 1. Photograph of two rats fed mineralized milk for nine weeks. Rat 791 
(left) received raw milk reinforced with iron, copper, and manganese. Rat 796 (right) 
received pasteurized milk plus iron, copper, and manganese. 


respiratory troubles might have been due to drafts. However, we were 
more inclined to believe that the difficulty was associated with some change 
in the winter supply of the milk. A second series of rats was started there- 
fore on April 21, 1933. The experimental procedure was identical with 
that described for the first series. At this time of the year none of the 
animals grew quite as rapidly as those started in the fall and the animals 
receiving the raw milk made considerably better gains than those on pas- 
teurized milk. This difference is represented in Table 1 which shows the 


TABLE 1 
Average daily gains in grams during the first six weeks of rats started in October and 
in April, 1932-1933 


RAW | PASTEURIZED 
OF STARTING EXPERIMENT 
Males Females Males | Females 
October 26, 1932 4.55 3.04 4.36 3.04 
April 21, 1933 . 4.00 2.66 3.49 | 1.91 


average daily gain for the males and females during the first six weeks of 
each experiment. 

Due to a very uneven distribution of sex in the litters used in the second 
experiment the number of animals in the male group receiving raw milk 
was reduced to one. In spite of this there seems to be no question but 
what the difference in growth between the fall and winter experiment is 
significant in all groups. This difference must be due to a seasonal varia- 
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tion in the milk. In order to test this suggestion more carefully three 
series of experiments were conducted during the past year. 

The milk was obtained again from the University dairy. The average 
fat content varied from 3.67 per cent during the fall to 3.7 per cent in the 
spring. The rats were started on the following dates: October 14, 1933; 
December 27, 1933; and February 6, 1934. The average daily gains during 
the first six weeks for the different groups are given in Table 2. 


TABLE 2 
Average daily gains in grams during the first six weeks of rats started in October, 


December and February, 1933-1934 


RAW PASTEURIZED 
TIME OF STARTING EXPERIMENT —_ 
Males | Females Males | Females 
October 14, 1938 ...... 419 | 288 390 | 259 
December 27, 1933 3.32 2.11 1.96 2.52 
February 6, 1934 ....... | 2.45 | 3.14 | 114 | 2.12 


The rats started in October (1933) gave results quite similar to those 
obtained in October, 1932. Both the males and females grew a little slower 
and the differences between the raw and pasteurized milk were slightly 
greater than in the earlier series, but the differences cannot be considered 
significant. However, in the experiments started in December and Feb- 
ruary very significant differences are evident. In the case of the male rats 
there is a progressive decrease in the daily rate of growth from 4.19 to 
2.45 gms. for the raw milk and from 3.90 to 1.14 gms. for the pasteurized 
milk. The females show some indication that the winter milk is of poorer 
quality than the summer milk. However, the results are not as uniform 
as for the males, and the females do not show the extremely poor growth 
in the February experiment that the males do. This we believe is due to 
the fact that the females do not grow as fast and therefore do not need as 
much of the factor or factors which winter milk is deficient in. Whatever 
the limiting factor is in winter milk, the deficiency is undoubtedly a relative 
one. Thus it is decreased sufficiently during winter feeding to have a very 
drastic effect upon the males which have a tendency to grow faster, but not 
enough to produce an equal growth impairment in females. The fact is 
further emphasized in the case of pasteurized milk. The milk produced 
in October and November, when the cows still have a store of nutrients 
from the summer feeding period, contains a fairly adequate supply of all 
needed nutrients. At this period, although pasteurization may destroy a 
small amount of certain constituents, the amount remaining is still suffi- 
cient to allow the animal an adequate supply. However, in December the 
supply of essential factors is reduced in the original raw milk and pas- 
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teurization will now increase the deficiency. Thus we have a decrease in 
the rate of growth of the males from 3.32 to 1.96 gm. per day due to the 
heat treatment. In February the raw milk allows a growth of only 2.45 
gm. daily and pasteurization reduces the growth rate to 1.14 gm. It should 
be noted that the females on the pasteurized milk in both the second and 
third experiments grew faster than the males. This is further indication 
that the deficiency is more readily demonstrated in males than in females. 

The female rats on raw milk during the February experiment also grew 
faster than the males but two of the rats in this group grew exceedingly 
well and raised the average. In this connection we might mention a test 
made on milk produced by two cows in the University herd and brought 
directly to the laboratory. This experiment was also started February 6 
and the average growth for the males was 2.62 gm. which is almost identical 
with 2.45 found for the commercial milk at this time of the year. The 
average growth for the females was 2.65, which is lower than the 3.14 value 
but more in line with the other results for the females. 

Season or the kind of feed ingested by the cow, therefore, has a much 
greater effect upon the nutritive value of milk than does pasteurization. 
Pasteurization will aggravate the deficiency of a poor milk, but a good milk, 
one produced when the cow is receiving an abundance of green feed con- 
taining certain essential factors, is little affected by pasteurization. Our 
problem therefore becomes one of producing a milk so complete that slight 
changes due to pasteurization have no effect on the nutritive quality. 


DISCUSSION 


The lack of any noticeable destructive action due to pasteurization of a 
good quality milk obtained in our studies with rats is in accord with the 
general conclusions reached in extensive studies with children in this coun- 
try (1) and in Seotland (5). The Lanarkshire studies have been criticized, 
but a recent reexamination of the data by Elderton (6) substantiates the 
original conclusion that ‘‘There is no evidence that raw milk has an advan- 
tage over pasteurized or pasteurized over raw in increasing growth when 
the two are directly compared on this selected material.’’ 

The deficiency of winter produced milk and the increase in this defi- 
ciency due to pasteurization observed with rats indicates that there is a 
definite change in the composition of the milk during the winter period. 
Although it is well known that the amount of certain vitamins in milk 
varies with the season, it is difficult from our present results to determine 
what specific factors may be responsible for the gross changes observed. 
Vitamin C may be disregarded because rats do not require this factor pre- 
formed in the diet. Since a few of our animals suffered from respiratory 
troubles, it might be suggested that we were dealing with a vitamin A 
deficiency. However, there is no indication that our rats were receiving a 
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limited supply of this factor. In a recent paper Baumann, Steenbock, 
Beeson, and Rupel (7) calculated the vitamin A activity of Holstein milk 
produced in the University dairy herd to be approximately 21 International 
units per gram of butter fat when the cows were on winter feed. The rats 
showing growth impairment in our studies would therefore be ingesting at 
least 50-60 International units daily. 

In order to demonstrate that the presence of the minerals had no de- 
structive action on vitamin A, the carotene and vitamin A content of a 
sample milk was determined before mineralization and a similar sample 
after the milk had been mineralized and allowed to stand 24 hours. The 
values before mineralization were 7.5 gamma of carotene and 7.5 gamma 
vitamin A per gram of butterfat and after mineralization the value was 
7.5 gamma carotene and 6.5 gamma vitamin A. Thus there was no inactiva- 
tion due to the presence of the metals. 

Krauss, Erb, and Washburn (4) found a destruction of about 25 per 
cent of the original vitamin B content of milk due to pasteurization. How- 
ever there is no indication that either the B or G content of milk varies 
with seasonal change. Gunderson and Steenbock (8) concluded that the 
vitamin B content of milk was under physiological control and Dutcher, 
Guerrant and McKelvey (9) conclude in a recent paper that the vitamin 
B and G potency of raw milk is remarkably constant throughout the year. 
It is possible that the difference in winter and summer milk may be asso- 
ciated with change in the vitamin B, content but further work is necessary 
before any definite relationship can be established. 

The studies which we have conducted so far suggest that the rate of 
growth of male rats on mineralized milk is an excellent measure of changes 
in the nutritive value of that milk. This method may be of considerable 
importance in measuring the value of milks produced by cows fed artifi- 
cially dried hays and legumes preserved by the A. I. V. process during the 
winter months. 

SUMMARY 

1. Rats started on experiment in October and grown on mineralized raw 
milk and mineralized pasteurized milk showed no differences in growth or 
development over a period of 30 weeks. 

2. The average daily gains during the first six weeks for rats on mineral- 
ized raw milk were less for the animals started in April than those started 
in October. In April the rate of growth for rats on pasteurized milk was 
inferior to that obtained on raw milk. 

3. A decrease was observed in the daily rate of growth in male rats on 
mineralized milk from 4.19 gm. for milk produced in October to 3.32 gm. 
for milk produced in December to 2.45 gm. for milk produced in February. 
The decrease for male rats on pasteurized milk for the same periods was 
3.90 to 1.96 and to 1.14 gm. The female rats showed some decrease in 
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growth on winter milk but the impairment in growth during this period 
was not nearly as great as that observed in the case of the male rats. 

4. The kind of feed ingested by the cow has a greater effect upon the 
nutritive value of milk than does pasteurization. 

5. Pasteurization has practically no detrimental effect, as measured with 
rats, upon the nutritive value of a milk of high nutritive quality but may 
further decrease the value of a milk of low nutritive quality. 
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THE IODINE CONTENT OF MILK AS AFFECTED BY FEEDING 
IODIZED DRY MILK* 


ZAIDA M. HANFORD anp G. C. SUPPLEE 
The Dry Milk Company Research Laboratories, Bainbridge, N. Y. 
AND 
L. T. WILSON 
Walker-Gordon Laboratory Company, Inc., Plainsboro, New Jersey 


Interest brought about by the ever increasing usefulness of iodine in 
veterinary, as well as in human medicine, has resulted in considerable ex- 
perimental work; however, conflicting reports on the value of feeding 
iodine to farm animals (1—5) have been numerous. Orr, Crichton and Mid- 
dleton (1) fed calves three grams daily without harmful effects, but Forbes 
et al. (4) fed only ten milligrams per 100 pounds of body weight to calves 
with resulting rough coat and digestive disturbances. Malon, DuToit and 
Groenewald (3) believe that twenty milligrams per day for a year was 
responsible for the decreased birth rate and low vitality of lambs; whereas 
Veghelyi (5) has been able to show increased rate of growth and wool yield 
in sheep fed approximately one gram iodine daily. Orr and Leitch (6) in- 
dicate, as a possible cause of some of these discrepancies, that secondary con- 
ditions, character of diet in particular, may affect the metabolism of iodine 
very greatly. Those who have interested themselves in the question seem 
quite in agreement that iodine fed even to cows not suffering from iodine 
deficiency affects the milk yield favorably (7-10). 

Iodine, like certain other constituents of the diet enters into the milk 
and seems to be transmitted according to the amount ingested (11-15). 
This fact seems to have suggested to several workers the possibility of pro- 
ducing a naturally combined organic form of iodine for human use, al- 
though what concentration of iodine may be attained in milk by feeding 
iodine to cattle, or what amount may be advisable does not find entire agree- 
ment among them. Wendt (16) states that it is difficult to increase the 
iodine content of milk beyond 100 parts per billion. However, others have 
been able to increase this value to a much higher level; McHargue (17) re- 
ports 400 parts per billion after feeding 100 milligram doses and Forbes 
et al. (4) have found that feeding 1.2, grams per day yields milk and cream 
with a relatively high iodine content but with objectionable odor. 

Most of the literature heretofore, has dealt with the concentration of 
iodine in the milk (2, 15, 17, 18, 19) or the partition of iodine among the 
milk constituents (20-26). Table 1 shows data presented by various in- 
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vestigators with recoveries as calculated by assuming average milk yield 
where actual milk yield was not indicated, or average food intake where 
that was not specified. Krauss and Monroe (27) state that ‘‘only 10 to 15% 
of the iodine appears in the milk.’’ This seems to be a higher return than 
is shown by other published data. 


TABLE 1 
Iodine recovered in milk as indicated by published data 
IODINE IODINE BALANCE PER COW PER DAY 
CONCEN- - 
MILK intake in milk in milk 
(p.p.b.) (mgs.) (mgs.) (per cent) 
Erf (2) 333 499.0 2.780 0.550 
McHargue (17) 400 76.5 3.200 | 4.100 
Monroe (19) 100 765.0 1.178 0.154 
Krauss & Monroe (27) 500 76.5 4.170 5.400 
Corrie (15) , | 700 76.5 7.000 9.150 
Scharrer & Schwaibold (23) 2120 459.0 21.200 | 4.620 


Attempts to prove the relative efficiency of organic and inorganic iodides 
as a source of iodine in animal nutrition have not been entirely satisfactory 
(2, 27) and it appears that although the inorganic form may be made effi- 
cient by means of proper diet the organic form requires less consideration 
of secondary factors. 

The primary object of the work summarized in this paper was to deter- 
mine not only the iodine content of the milk of cows fed controlled and 
known amounts of an organic iodine but also the percentage of iodine 
recovered in the milk as affected by season and period of lactation. 


EXPERIMENTAL 


Experimental groups of cows at the Walker-Gordon farms were fed 
iodized dry milk containing predetermined amounts of iodine in conjune- 
tion with a normal stall ration consisting of roughage and concentrate. 
Iodine Suspensoid (Merck) was added to skimmed milk in such concentra- 
tions as to provide, when the milk was dried (28) and mixed in the con- 
centrate, an empirical daily dosage of 50 milligrams or 250 milligrams of 
iodine per cow. This scheduled daily intake was not strictly adhered to how- 
ever, as practical considerations in feeding management dictated slight de- 
partures in accordance with the milk produced by individual animals. Con- 
trol groups were maintained on the normal stall ration free from added 
iodine. The cows under observation, including the controls, were not sub- 
jected to the fluctuations in feeding regimen to which the average producing 
herd is subject during transition from stall to pasture feeding and vice 
versa. Each of the groups were divided; one sub-group was composed of 
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animals in the early period of lactation and the other included only ani- 
mals at a relatively advanced stage of lactation. Samples of the mixed 
CHART I. 
IODINE INTAKE AND OUTPUT PER COW PER DAY IN MGS. 
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milk were taken for iodine determinations immediately before the experi- 
mental feeding was started and again after 10 days, 2 months, 3 months, 
6 months, and 9 months. Cows receiving 250 milligrams per day were dis- 
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continued after the second month. No objectionable flavor or odor was re- 
ported in the milk. A modification of the Remington-McClendon method 


CHART II. 
IODINE INTAKE AND OUTPUT PER COW PER DAY IN MGS. 
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(29) was used for the iodine determinations. The summarized results from 
this controlled series of feeding experiments are shown in table 2. (Charts 
I, II and III). 
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There is some slight indication that non-pregnant cows early in lactation 
return a smaller proportion of ingested iodine in their milk than do those 
in an advanced stage of lactation. (Cows of less than 15 days’ lactation have 
not been included because of the possible abnormal iodine content of the 
colostrum (30)). This relationship while not marked, nevertheless, seems 
to be consistent. Further work with groups more carefully selected as to 
stage of lactation and pregnancy must be done before definite quantitative 
conclusions may be reached. 

CHART III. 


PERCENTAGE IODINE RECOVERED IN MILK ACCORDING TO -SEASON 
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The effect of season on the iodine content of milk, as well as on the per- 
centage of iodine recovered in the milk is very distinet. Not only is the 
concentration of iodine in the summer milk of cows receiving the iodine sup- 
plement lower than that in the winter milk, but this relationship also holds 
true for the control groups not receiving the iodized milk supplement. 
Similar seasonal variations had been noted previously in the mixed milk of 
herds in the intensive producing areas of Wisconsin and New York (31). 
These earlier data obtained from the mixed milk of many herds has been 
summarized on the basis of the milligrams of iodine secreted in the milk per 
cow per day, using the average production per day per cow as the basis of 
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computation. The summary is shown in table 3 (Chart IT). Change from 
pasture to stall feeding, as well as climatic conditions during the summer 
and winter months could have contributed to the results shown by these 
earlier data. The controlled feeding experiments at the Walker-Gordon 
Farms, however, preclude the effect of such change in feeding regimen as 
the direct cause of the relatively lower recovery during the warmer season. 


TABLE 3 
Daily iodine output per cow in the milk of Wisconsin and New York herds 


WISCONSIN NEW YORK 
Iodine concen- Daily iodine Iodine concen- Daily iodine 
Date tration in output per Date tration in output per 
liquid milk cow liquid milk cow 
(p.p.b.) (mgs. ) (p.p.b.) (mgs.) 
1/7/30 38.8 0.480 1/16/32 38.9 0.486 
4/8/30 31.6 0.390 4/8/32 23.5 0.294 
4/17/30 39.5 0.487 4/15/32 | 24.5 0.306 
4/22/32 33.5 | 0.419 
6/16/30 17.1 0.212 6/10/32 13.1 | 0.164 
9/9/30 33.8 0.418 9/10/31 15.7 | 0.196 
9/11/31 14.7 | 0.184 
12/7/30 32.6 0.404 12/17/31 35.0 0.430 
12/21/31 39.2 0.490 


Detailed analysis of the data obtained during a survey of the iodine con- 
tent of milk produced in South Carolina (31) also shows a definite ten- 
dency toward a lower iodine content of the milk and a lower percentage 
recovery during the warmer months of the year. The seasonal fluctuation, 
however, is not as great as noted in the milk produced in the North. 
(Table 4; Charts IT and ITI.) 


TABLE 4 
Average iodine recovered in milk produced in South Carolina (31) 
IODINE BALANCE PER COW PER DAY 
IODINE CONCEN- 

MONTH TRATION IN recev- Iodine recev- 
LIQUID MILK Iodine intake ered in milk ered in milk 
(p.p.b.) (mgs.) | (mgs.) (per cent) 

January ....... 61.3 2.14 0.41 20.67 

March 73.8 3.80 0.48 14.50 

May . a 47.2 4.27 0.29 6.26 

September .. 94.3 5.88 | 0.56 9.00 


SUMMARY 


A critical inspection of the data presented herein shows substantial and 
consistent agreement in the trend of iodine recovery in the milk as affected 
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by seasonal or environmental conditions. The data have been collected at 
stated intervals over a period of three years in four different states. The 
records as shown in the tables and graphs represent numerous iodine deter- 
minations on the composited milk from thousands of cows, as well as numer- 
ous iodine determinations on composite feed samples and individual con- 
stituents of the ration. 

The percentage of iodine recovered in the milk at comparable periods 
is essentially of the same magnitude, irrespective of whether the iodine in- 
gested is in such a form as that naturally occurring in ration constituents 
produced on high iodine soils, as in South Carolina, that naturally oecur- 
ring in normal ration constituents grown in other areas, or that supplied in 
the form of iodized dry milk. 

The output of iodine in the milk per cow per day does not parallel the 
iodine ingested, irrespective of the intake level or form in which it is in- 
gested, insofar as the data presented herein indicate. Nevertheless, the 
iodine concentration, as well as the total iodine output of the milk, is dis- 
tinetly influenced and increased when an organic iodide supplement such as 
iodized dry milk is fed. It appears that the lack of a parallel relationship 
between the total iodine output and the percentage recovery in the milk on 
the one hand, and iodine ingested on the other, may be due primarily to 
environmental conditions prevailing during the relatively warm and cold 
seasons of the year. A distinctly lower total output and lower percentage 
recovery was found in all territories covered by these studies during the 
warm months. 
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CONTROLLING PHYSICAL PROPERTIES OF HIGH 
SOLIDS MIXES* 


M. J. MACK** 
Massachusetts State College, Amherst 


The sale of ice cream having a relatively high total solids content is 
increasing rapidly in the New England States. For the past several years 
the popularity of ice creams with 18 and 20 per cent butterfat has grown 
steadily. At the present time these rich ice creams are a considerable 
part of the total volume of ice cream made in the New England sector. 

This high solids ice cream was first sold almost entirely by small ice 
cream companies attempting to market a high quality product. These 
companies retailed the bulk of their product through attractive stores or 
dairy cottages located in densely populated areas or along heavily traveled 
highways. Public demand was created for this type of ice cream and now 
practically all ice cream companies make the product. Lower ingredient 
costs probably have stimulated the manufacture of rich ice creams. Public 
preference for the product is largely due to its rich, creamy flavor and the 
entire absence of a ‘‘serum solids’’ taste since powdered or condensed milk 
produets are used sparingly or not at all. 

Variations in fat content from 16 to 25 per cent, with occasional ice 
creams running even higher, have been observed in the past few years. At 
the present time, however, the industry seems to be standardizing on 18 and 
20 per cent butterfat, more often 20 per cent, for high fat ice creams. For 
this reason the work reported here has been confined to ice creams of 18 and 
20 per cent butterfat. 

In a previous publication’ of the Massachusetts State College several 
problems arising in the manufacture of high butterfat ice creams were dis- 
cussed and solutions were suggested. However, three serious problems 
remained unanswered ; one was an excessive viscosity which interferes with 
efficient homogenization, cooling, freezing, and packaging; the second was 
a very unsatisfactory melting appearance; and the third, a crumbly body 
which makes serving of the ice cream difficult. All these difficulties became 
even more serious when butter, frozen cream, or plastic cream were sub- 
stituted for sweet cream. In fact, many manufacturers use only sweet 
cream and whole milk as sources of fat in order to minimize the difficulties 
just enumerated. 

Received for publication July 31, 1934. 
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In this study an attempt has been made to solve the previously men- 
tioned problems to the extent that any desired combination of butterfat 
sources might be used in high solids mixes without impairment of the 
finished product. Commonly accepted procedures were used throughout 
the work in processing, freezing, hardening, judging, and in making the 
necessary laboratory determinations. Any deviation from accepted proce- 
dures will be mentioned in the discussion of experimental results. 


EXPERIMENTAL RESULTS 


When high solids mixes are made, following the usual processing meth- 
ods, so great a viscosity results after homogenization that the mix thickens 
on the surface cooler to the extent that a temperature of 50° F. or lower 
cannot be secured. Consequently many manufacturers decrease the homo- 
genization pressure to 800 to 1000 pounds for a 20 per cent fat mix. At 
this low pressure the fat is not emulsified sufficiently to secure a smooth 
texture and prevent churning of the fat when freezing is too slow. In 
preliminary trials it was found that high pasteurization and homogeniza- 
tion temperatures (160 to 165° F.) decreased the viscosity only to a limited 
extent. The practice of two-stage homogenization, which largely destroys 
clumping in mixes of average composition, has only a slight effect in 
decreasing viscosity in high fat mixes. Microscopic examinations revealed 
that clumping after two-stage homogenization was sufficiently extensive 
to cause the extremely high viscosity of these mixes. In the study pre- 
viously cited, data were given to show that butter, frozen cream, and plastic 
cream could be substituted for sweet cream by first making a ‘‘ reconstructed 
eream’’ (emulsifying the butter, ete., in skim milk or whole milk by homo- 
genization at a pressure of 1000 pounds and a temperature of 145° F.) 
which is used in the mix in the same way that sweet cream is utilized. 
This method has the disadvantage of being time consuming and laborious. 
Furthermore, it does not solve the problem of excessive viscosity which 
often is troublesome when sweet cream is used as the source of fat. In this 
experiment viscosity has been controllled successfully by passing the mix 
through three homogenizing valves (Fig. 1). 

An examination of tables 1 and 2 reveals that reasonably high homog- 
enization pressures can be used with high fat mixes even when butter 
is the chief source of fat if three-stage homogenization is practiced. Mixes 
1 and 2, (one- and two-stage pressures), in either series were so viscous 
that they could not be cooled satisfactorily and the high viscosity interfered 
with every subsequent operation. However, mix No. 3, three pressures, had 
the viscosity of a product of average composition. The use of the first and 
third valves (Mix No. 4) decreased viscosity considerably but microscopic 
examinations revealed that the fat was improperly emulsified. The pres- 
ence of .many extremely large globules probably accounts for the poorer 
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Fic. 1. The homogenizer used in this experiment was a two-stage machine made by 
the Manton-Gaulin Manufacturing Company. The third stage, as is shown in the illus- 
tration, consisted of a pressure reducing valve (known as the Snow Viscosity Regula- 
tor). This valve was placed in the discharge line from the homogenizer. 


quality of Mix No. 4 when compared with No. 3. A few of these large 
globules are visible in the accompanying photomicrograph. The great 
difference in viscosity between mixes 2 and 3 (expressed in °M at 68° F. 
with the MeMichael Viscosimeter, No. 30 wire) clearly indicates the effec- 
tiveness of the third valve in decreasing viscosity. 
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Reduction of viscosity by three-stage homogenization makes it possible 
to cool the mix 5 or 6° F. colder. This in itself means less viscosity increase 
during aging.* The lower viscosity and greater dispersion of the butterfat 
undoubtedly account for the slightly faster freezing of the mixes homog- 
enized through three valves. Faster freezing and more thorough distri- 
bution of fat probably are the causal factors in improving the texture and 
melting appearance of the ice cream subjected to three-stage homogeniza- 
tion. 

Freezing trials have been checked on a direct expansion freezer which 
finishes a batch in about 25 per cent less time than the brine freezer used 
regularly in this experiment. With the more efficient freezer very little 
freezing time was saved by three-stage homogenization of the mix. How- 
ever, the ice cream could be drawn from the freezer at a slightly lower 
temperature, which in itself is conducive to superior texture. 

Microscopie examination of dilute solutions of mix in distilled water 
(1-100 dilution) revealed that three-stage homogenization produced an 
emulsion of uniformly small fat globules with clumping almost entirely 
absent. The few clumps which were present were extremely small, con- 
sisting of only a few fat globules to a clump. The photomicrographs fully 
substantiate this statement. (See Figure 2). Mixes 1 and 2 were so much 
alike under the microscope that a photograph of No. 2 only is included. 
The picture of No. 4 (2000 lbs. 1st stage and 150 lbs. 3rd stage) shows the 
presence of some very large globules, indicating that this method of homo- 
genization did not thoroughly disperse the butterfat. 

The melting appearance of ice cream high in butterfat is almost certain 
to be undesirable unless precautions are taken to avoid this difficulty. The 
ice cream often does not melt, appears ‘‘curdled’’ or ‘‘feathered,’’ and 
‘*wheys off.’’ The appearance is more suggestive of a whipped cream than 
ice cream. The unusually high ratio of fat to serum solids undoubtedly 
decreases the stability of the proteins, causing the feathery appearance and 
the whey separation, while the high percentage of fat tends to make the 
product rigid. However, the fat to serum solids ratio cannot be corrected 
by increasing the serum solids because the total solids content is already 
high and the increase in lactose concentration would hasten the occurrence 
of ‘‘sandiness.’’ Therefore correction of the melting appearance must be 
accomplished in some other way. The homogenization treatment previously 
discussed (three successife pressures) improves the melting characteristics 
somewhat. Increasing the sugar content by one to two per cent entirely 
corrects the melting appearance. The lower freezing point and higher 
soluble solids content thus secured bring about normal! melting. 


2W. S. Mueller, 1933. Aging Effects on Gelatin Dispersions. Jour. Ind. & Eng. 
Chem., Vol. 25, No. 6, p. 707. 
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A slight increase in sweetness, in conjunction with the high fat content, 
seems desirable from the flavor standpoint. The author knows of several 
instances where the cane sugar content has been increased to 16 and 16.5 
per cent because of consumer preference for the sweeter ice cream. Exces- 
sive sweetness can be prevented, however, by substituting corn sugar 
(cerelose) for a part of the cane sugar. The sugar content may be adjusted 
as in the mixes listed in tables 1 and 2, where to a base of 13 per cent 
eane sugar, 3 and 3.5 per cent, respectively, of corn sugar were added. The 
sweetness in terms of cane sugar in these mixes is between 15 and 15.5 
per cent. Various sugar concentrations were used in this experiment and 


Fig. 3. The melting appearance of 20 per cent fat ice creams. Samples 1, 2, 3, & 4 
are the same as those given in Table 2. The composition of the mixes is given in Table 
2. The homogenization pressures follow: 

1. 1500 Ibs. Ist stage. 


2. 1500 ‘* ** ‘¢ plus 500 Ibs. 2nd stage. 
4, 1500 ce ce se 150 3rd ee 


5. Same as 3 but contains 15 per cent cane sugar. 


it was evident that the sugar content must be adjusted according to the fat 
content if a desirable melting appearance is to be secured. However, 16 
to 17 per cent sugar proved sufficient. 

The third defect previously mentioned, a crumbly body, which so often 
occurs in high butterfat ice cream, can be corrected in the same way that 
the melting appearance is made satisfactory. The corrective is increasing 
the sugar content. Increasing the serum solids content would probably 
prevent crumbliness, but this cannot be done for the reason previously 
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TABLE 1 
Different homogenization treatments with an 18 per cent butterfat miz* 
MIX NO. 1 2 3 | 4 
Homogenization pressure 
Lbs. on Ist stage ..... ae 2000 2000 2000 2000 
“ 500 500 
Mix temp. leaving cooler 54° F, 54° F, 47° F. 48° F, 
Relative viscosity (aged 24 hrs.) 560 575 55 74 
Fat globules in clumps (estimated ) 90% 75% 5-10% 50% 
Min. to reach 100% Overrun . 8 8 6.5 7 
Body Crumbly Crumbly Good Good 
Texture score (25 perfect) ........ 22 23.5 24.5 23 
Melting appearance Curdy Curdy Smooth Slightly 
Melts Melts Creamy curdy 
slowly slowly 


* The composition of the mix was 18 per cent fat, 6.5 per cent serum solids, 16 per 
cent sugar, and 0.3 per cent gelatin. The ingredients of the mix were butter (75 per 
cent of the fat was obtained from butter), sweet cream, skim milk, powdered skim milk, 
13 per cent cane sugar, 3 per cent corn sugar, and gelatin. 


TABLE 2 
Different homogenization treatments with a 20 per cent butterfat miz* 


MIX NO. 1 2 3 4 
Homogenization pressure 
Lbs. on Ist stage 1500 1500 1500 1500 
500 500 
Mix temp. leaving cooler 56° F, 56° F, 50° F. | 50°F, 
Relative viscosity (aged 24 hrs.) 580 564 130 148 
Fat globules in clumps (estimated) 95% 95% 20% 65% 
Min. to reach 100% Overrun .. 10 9.5 8.0 8.9 
Body _| Crumbly Crumbly Good Fair 
Texture score (25 perfect) .. 24 24.25 25 24 
Melting appearance ee Melts Creamy | Curdy 
slowly slowly Smooth 
Wheys Wheys 
off | off 


* The composition of the mix was 20 per cent fat, 5.6 per cent serum solids, 16.5 
per cent sugar, and 0.3 per cent gelatin. The ingredients of the mix were butter (two- 
thirds of fat), sweet cream, skim milk, 13 per cent cane sugar, 3.5 per cent corn sugar, 
and gelatin. 


stated. Increasing the gelatin content also would prevent crumbliness. 
However, a high gelatin content is undesirable because it would prevent 
melting and increase the melting resistance in the mouth. This would be 
particularly undesirable in an ice cream of so high a total solids content. 
A sugar content of 16 to 17 per cent is sufficient to prevent a crumbly 
body. Another advantage of the higher sugar concentration is that the 
ice cream is not excessively hard at the usual dipping and serving tempera- 
tures. If the rich, creamy flavor of high butterfat ice cream is to be fully 
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appreciated, the product must be reasonably soft when served. Prelimi- 
nary experiments indicate that the ice cream should not be colder than 
18° F. when served. 

Difficulty is often experienced with excessively high viscosity when 
chocolate ice cream mixes are prepared. Therefore, several chocolate mixes 
were subjected to three-stage homogenization with virtually the same results 
as those already reported with high butterfat mixes. The composition of 
the chocolate mixes was 14 per cent total fat, 9 per cent serum solids, 17 
per cent sugar, 0.3 per cent gelatin, 3 per cent Dutch process cocoa, and 
43.4 per cent total solids. Three-stage homogenization greatly decreased 
the viscosity when compared with two-stage homogenization, made more 
efficient cooling possible, largely destroyed fat globule clumping, and im- 
proved the melting appearance. The rate of whipping was not changed to 
any appreciable extent but it was possible to cool the chocolate mixes 
(which were treated with three pressures) more rapidly in the freezer and 
draw them from the freezer at a slightly colder temperature than the con- 
trol mixes. 

A few trials have been run with mixes of average composition, subject- 
ing them to three-stage homogenization pressures. An insufficient amount 
of data has been accumulated and no conclusions can be made. The differ- 
ences, if any, with the lower fat mixes are evidently not marked. 

As is shown in Figure 1, the third homogenizing valve consisted of an 
attachment known as the ‘‘Snow Viscosity Regulator.’’ Presumably any 
type of reducing valve of appropriate size which is manually adjustable 
would do the same work. The writer has been informed that similar results 
are being secured in a commercial plant by soldering into the sanitary pipe 
carrying the mix from the homogenizer to the cooler a metal dise with a 
small hole in it. Evidently enough pressure builds up between the homo- 
genizer and the metal dise so that the mix is forced through the hole with 
enough force to destroy fat globule clumping in the mix. 


SUMMARY 


1. High solids ice cream mixes, when made under usual processing con- 
ditions, are excessively viscous and produce crumbly ice cream possessing 
an undesirable melting appearance. 

2. The use of butter, frozen cream, or plastic cream in place of all or a 
part of the sweet cream needed to supply the butterfat markedly increases 
these defects. 

3. The use of three successive stages of homogenization entirely elimi- 
nates the problem of excessive viscosity and decreases the other defects 
already named. Pressures of 2000, 500, and 150 pounds are suggested as 
satisfactory maximum pressures for the first, second, and third vaives, 
respectively, when homogenizing an 18 per cent butterfat mix. With a 
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20 per cent fat content, somewhat lower pressures of 1500, 500, and 150 
pounds are suggested as maximum pressures. 

4. A erumbly body may be prevented in high butterfat ice creams by 
increasing the sugar content to 16 to 17 per cent, depending somewhat 
upon the fat content of the mix. If the use of cane sugar alone produces 
an excessively sweet taste, the substitution of corn sugar for 3 to 4 per cent 
of the cane sugar is recommended. 

5. Increasing the sugar content to 16 to 17 per cent improves the melt- 
ing appearance of high fat ice creams and reduces the melting resistance 
of such ice creams. 

6. Three-stage homogenization entirely eliminates the excessively high 
viscosity which invariably occurs in chocolate ice cream mixes of high 
solids content. 


A STUDY OF SOME FACTORS INFLUENCING THE 
HILL CURD TEST* 


W. J. CAULFIELD anp W. H. RIDDELL 
Kansas Agricultural Experiment Station, Manhattan 


INTRODUCTION 


Fairly extensive use is being made at the present time of the Hill test 
as a means of determining the curd tension of milk. For the most part the 
technique as recommended by Hill (1) has been followed closely. Several 
modifications in the procedure, however, have been suggested to date. 
Monier and Sommer (2) have recommended a change in the method of 
adding the coagulant, while Morris and Richardson (3) suggested running 
the test at a higher temperature. 

A variation in the concentration of the calcium chloride solution also 
has been noted in written directions for the test. For comparative pur- 
poses it is important to know what influence slight variations in the tech- 
nique will have on the final results. A question frequently asked is how 
closely will the results of different operators agree when working under 
similar conditions. 

The present investigation was planned to determine the influence of 
certain modifications in technique on the results of the test. No evidence 
is available in the literature to show the normal limits of variation for the 
Hill test. 

PLAN OF EXPERIMENT 

To study the effect of certain modifications in technique, a relatively 
large number of parallel tests were run on the same sample of milk. Con- 
siderable care was taken to keep all factors constant except the one under 
observation. 

A water bath accommodating thirty-six coagulation cylinders was used 
throughout. In this way it was possible to make thirty-six determinations 
at one time under identical conditions with respect to temperature. The 
temperature in all cases was 35° C. except where the influence of this factor 
was being studied. The milk, coagulation cylinders, and coagulant were all 
brought to the standard temperature prior to making the test. 

The coagulant was freshly prepared for each series of thirty-six deter- 
minations. The 1-3000 granular pepsin was weighed out and added to 
sufficient distilled water to make a 0.6 per cent solution, except when the 
strength of the coagulant was varied. To insure that the pepsin was in 
solution, it was allowed to dissolve in the water for a period of ten minutes 
prior to use. 


* Contribution No. 97, Department of Dairy Husbandry. 
Received for publication August 2, 1934. 
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The calcium chloride solution, except when it was the variable, was pre- 
pared according to Hill’s directions (1) and was added to the pepsin solu- 
tion just prior to use. After thorough mixing, 10 ee. of the coagulant was 
pipetted into the coagulation cylinders and 100 ec. of milk added. This 
modified technique, first suggested by Monier and Sommer (2), was found 
to be as accurate and is more rapid than the procedure recommended by 
Hill. 

The curd-o-meter, which cuts down through the curd and permits the 
making of a large number of determinations in a comparatively short time 
was used throughout the study. 

The time interval between the addition of the coagulant and cutting the 
curd was checked with a stop watch. The curd tension of all samples was 
determined at the end of ten minutes unless otherwise stated. 


RESULTS 


Personal Factor 
In tables 1 and 2 are recorded the results obtained with three different 
operators testing four different lots of milk. In each series of thirty-six 
determinations, twelve were made by each operator, although no operator 
was allowed to determine the curd tension of more than six samples in 
succession. Each operator was thoroughly familiar with the test and thus 


TABLE 2 
Showing the variations in 432 curd determinations made by three different individuals 


MAXIMUM AVERAGE DIF- 
FERENCE BETWEEN 
OPERATOR A B Cc OPERATORS DIVIDED BY 
THE PROBABLE ERROR OF 
DIFFERENCE 
No. of Determinations 200000... | 144 144 144 
Average Curd Tension in Grams ..... 62.34 61.59 58.78 1.24 


any variations in the results between the different operators can be ascribed 
to differences due to the personal factor. 

An inspection of the data presented in table 1 shows rather wide vari- 
ations between the extremes for each lot of milk. These variations were not 
confined to any one operator but are evident in all three. The coefficient 
of variability expressed in table 1 gives some indication of the variation to 
be expected in running the test, irrespective of the operator. In a prac- 
tical test of this kind such variations are to be expected and are beyond the 
control of the operator. 

In table 1, and most of the succeeding tables, the actual difference in 
the average results of two series of curd determinations has been divided by 
the probable error of the difference; if the quotient exceeds 4.0 it is fairly 
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safe to conclude that the variable being studied has introduced a measur- 
able variation in the results. It will be noted that in experiments 2 and 4, 
table 1, the maximum differences in results between the three operators are 
large enough to be statistically significant. This would indicate that the 
individual operator may be a factor influencing the results of the test but 
is not necessarily so. 

In Table II all of the results have been considered collectively. The 
average results for all samples agree very closely and indicate that if the 
test is performed in careful manner the variation between individual opera- 
tors need not be significant. 


TEMPERATURE 


Two experiments were run in which the temperature of the test was 
varied, other factors remaining constant. The results are recorded in 
table 3. The results of both experiments point to the fact that tempera- 


TABLE 2 
The effect of temperature on the results of the Hill curd test 


TEMPERATURE DIFFERENCE* DIVIDED 
AVERAGE CURD BY THE PROBABLE 
EXPERIMENT TESTS NUMBER ona c. TENSION IN GRAMS ERROR OF THE DIF- 
A 36 30.0 | 39.1 + .38 — 8.40 
36 37.5 67.8 + .60 + 4.00 
36 40.0 | 70.3 + .64 +4.70 
B 36 35.0 
36 37.5 46.57 + .42 + 4.33 


* Average curd tension at 35° C. was used as a standard. 


ture is an important factor influencing the results of the curd test. A devi- 
ation in temperature of 2.5° C. above the standard temperature resulted in 
a-marked increase in the average curd tension. These data leave no doubt 
as to the necessity of controlling the temperature factor very closely. 

It was observed also that when the test was performed at a temperature 
in excess of 35° C. there was a marked tendency for the samples to whey 
off and pull away from the sides of the jar. This condition was objection- 
able and made uniform cutting of the curd exceedingly difficult. 


TIME INTERVAL BETWEEN ADDING THE COAGULANT AND CUTTING THE CURD 


In table 4 are recorded the results of two experiments performed with 
two lots of milk in which the time interval was varied between adding the 
coagulant and cutting the curd. 

The results of both experiments show that a deviation in the time in- 
terval has an influence on the curd tension. The effect of the time factor 
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appears to be greater, however, with milk showing an average curd tension 
of 55-60 grams than with milk of a lower curd tension. It is evident that 
the time interval should be carefully controlled in making this test. 


INFLUENCE OF THE AMOUNT AND CONCENTRATION OF COAGULANT 


In table 5 are recorded the results of three experiments with three dif- 
ferent lots of milk in which either the amount or concentration of coagu- 
lant was varied. In Experiment A the concentration of the coagulant solu- 
tion was varied, a 0.3 per cent pepsin solution being compared with a 0.6 
per cent solution, while the regular amount of a standard calcium chloride 
solution was used. The differences in curd tension, while not statistically 
significant, are of interest in that the milk coagulated with the 0.3 per cent 
pepsin solution showed a higher average curd tension than the samples to 
which the standard 0.6 per cent pepsin solution was added. 


TABLE 4 
The influence of variations between the time of adding the coagulant and cutting the 
curd on the results of the Hill curd test 


DIFFERENCE* DIVIDED 
P TIME INTERVAL AVERAGE CURD BY THE PROBABLE 
EXPERIMENT TESTS NUMBER IN MINUTES | TENSION IN GRAMS ERROR OF THE DIF- 
FERENCE 
A 36 s 34.80 + .35 — 2.45 
36 10 38.78 + .39 
36 | 13 41.32 + .27 +1.70 
B 36 49.61 + .35 -4.14 
36 10 56.94 + .44 
36 | 13 63.38 + .45 + 3.25 


* Average curd tension at the end of 10 minutes used as a standard. 


In Experiment B the standard coagulant solution was used throughout 
but the amount of coagulant added was varied from 5 to 15 ce. per sample. 
To eliminate the dilution effect all were made up to the same volume with 
distilled water. The results show the same trend as was shown in the other 
experiment, viz., that a decrease in the amount of coagulant resulted in an 
inerease in the curd tension. Reducing the amount of coagulant solution 
by 50 per cent of the standard amount increased the average curd tension 
of the samples tested 15.67 grams. This difference is statistically signifi- 
eant. An increase in the amount of coagulant over the standard amount 
resulted in a decrease in the average curd tension amounting te 5.42 grams. 
This observation is in harmony with the results of Lind and Jensen (4). 
These workers studying the effect of rennet on the contraction of the curd 
state, ‘‘if the addition of rennet is increased beyond a certain limit the firm- 
ness and coherence of the curd do not grow but on the contrary diminish.’’ 
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In Experiment C the regular amount of pepsin solution was used but 
the amount of calcium chloride solution was varied. The entire elimination 
of the calcium chloride produced a marked reduction in the curd tension. 
When one-half the regular amount of calcium chloride was used the curd 
tension was increased. An increase in the amount of calcium chloride solu- 
tion beyond the standard amount did not materially influence the curd 
tension. These data indicate that the amounts of calcium chloride or pepsin 
used may influence the curd test, particularly if the amount of coagulant is 
reduced. 


TABLE 5 
The effect of the amount of coagulant used on the results of the Hill curd test 
| DIFFERENCE 


TESTS TENSION IN, |__DIVIDED BY THE 
EXPERIMENT | AMOUNT OF COAGULANT USED OF 


GRaMs DIFFERENCE 


A 72 10 ee. 0.3% Pepsin Solution | 48.43 + .44 + 2.02 


72 10 ce. 0.6% Pepsin Solution | 44.11 + 51 


B 36 5 ee. Standard Coagulant 
Solution Plus 10 ec. Water | 67.25 + .49 + 6.8 
| 
36 10 ee. Standard Coagulant 
Solution Plus 5 ce. Water 51.58 + .54 
36 15 ee. Standard Coagulant 
| Solution 46.16 + .45 — 2.4 
Cc 36 No Calcium Chloride Used 29.4 + .81 — 6.97 
36 _ One-half Regular Amount of | 
Caleium Chloride Used 62.2 +.70 + 5.00 
36 Regular Amount of Calcium | 
Chloride Used | 49.5 + .42 
36 Double the Regular Amount 


| of Calcium Chloride Used 50.6 + 44 | 0.0 


METHOD OF PREPARING CALCIUM CHLORIDE SOLUTION 


A discrepancy in the printed directions as to the method of preparing 
the calcium chloride solution has been noted. Hill’s directions (1) state 
that the calcium chloride solution should contain 378 grams of dry calcium 
chloride per liter of solution. In a bulletin issued by the Heusser Instru- 
ment Manufacturing Company (5) the statement is made that the calcium 
chloride solution is prepared by adding 378 grams of dry calcium to one 
liter of water. To determine whether or not the method of preparing the 
ealecium chloride solution had any material influence on the results of the 
test, two solutions of calcium chloride were prepared according to the above 
directions. The total volume of the two (finished) solutions was 1000 ce. 
and 1166 ec. respectively at 20° C. The results of this experiment are 
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noted in table 6. It will be observed that there was no significant differ- 
ence in the results when the two calcium chloride solutions were used. 


METHOD OF ADDING THE COAGULANT TO THE MILK 
Monier and Sommer (2) have recommended that the milk and coagulant 
be mixed by pouring the milk into the cylinder containing the coagulant. 
Hill’s (1) directions call for adding the coagulant by means of a 10 ce. 
TABLE 6 


Effect of the method of preparing calcium chloride solution on the results of the Hill 
curd test 


. METHOD OF PREPARING CALCIUM AVERAGE CURD TENSION 
TESTS NUMBER CHLORIDE SOLUTION IN GRAMS 
36 378 Grams of Calcium Chloride Made up 
to One Liter of Solution | 45.88 + .37 
36 378 Grams of Calcium Chloride Added to 
One Liter of Distilled Water 47.47 + .41 


pipette, giving the milk a rotary motion while the coagulant is being added. 
These two methods of mixing the coagulant and milk were compared in the 
present study. The results are given in table 7. It will be noted that 
these results show no significant difference. 

The authors have demonstrated to their own satisfaction that this newer 
method of adding the coagulant is much to be preferred to the procedure 


TABLE 7 
Effect of the method of adding coagulant on the results of the Hill curd test 


TESTS NUMBER METHOD OF ADDING COAGULANT 
36 Coagulant Added to the Milk by Means of 
a 10 cc. Pipette 38.44 + .40 
36 Milk Added to the Coagulant ........ ce | 38.72 + .39 


recommended by Hill. It is fully as accurate, results in a thorough mixing 
of the milk and coagulant, and has the added advantage of being more 
rapid. There is every reason in favor of its adoption. 


DISCUSSION 


The data presented in this paper indicate that results secured with the 
Hill curd test may be influenced by a number of factors. Even when con- 
ditions are as carefully controlled as possible and the test performed by an 
experienced operator, it is still subject to considerable variation. This 
being the case, the results of a single determination on a sample of milk 
is not a reliable index of its curd tension. If a wide discrepancy (greater 
than 5 grams) occurs when a sample is run in duplicate, the question 
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naturally arises as to which figure is more nearly correct. To overcome 
this difficulty and to make certain of a reasonably accurate test the writers 
have adopted the policy of running all samples in triplicate. By following 
this procedure two of the determinations will generally agree quite closely. 

While the curd test does yield somewhat variable results, it should be 
borne in mind that in practical use an extremely sensitive test is not re- 
quired. The test is entirely satisfactory as a method for classifying milk 
into rough groups on the basis of its curd tension. A method is not 
required, except for research purposes, which will differentiate between 
milk samples with only a few grams difference in curd tension. 


SUMMARY AND CONCLUSIONS 


1. Results secured with a relatively large number of determinations on 
the same samples of milk indicate that the differences between skilled 
operators will as a rule be small in the curd test. 

2. The temperature at which the test is run was found to be one of the 
most important factors influencing the results of the curd test. 

3. A variation in the time interval between the addition of the coagulant 
and cutting the curd showed a significant influence on the results of the 
test. The effect was most pronounced with milk of medium curd tension 
(55-60 grams) than with samples of lower curd tension. 

4. A reduction in the amount of pepsin, pepsin-caleium chloride solu- 
tion, or calcium chloride solution below that specified in the Hill curd test 
was found to produce higher results. On the other hand increasing the 
amount of the coagulant resulted in lower values being obtained. 

5. The addition of the milk to the coagulant proved to be as accurate 
a method of mixing the two as the present recommended procedure. It 
has the added advantages of being more rapid and easier to perform. 

6. While any one of the factors studied may not exert a marked influence 
on results secured in the curd test, with two or more factors uncontrolled 
the results would be open to question. It is important that all conditions 
of the test be controlled as carefully as possible if accurate results are to 
be secured. 
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E. COLI IN MASTITIS, WITH ACCOMPANYING CHANGES IN 
MILK COMPOSITION 


F. R. SMITH anv J. L. HENDERSON 
Dairy Industry Division, University of California, Davis, California 


It has been known for a number of years that EZ. coli or some very 
closely related organism may cause Mastitis. The first indication of this 
would seem to be the work of Lucet (1) in 1889, who obtained non-gelatin 
liquefying, gram-negative bacilli from twelve cases of mastitis. These 
organisms were not fully identified, however, and thus cannot be definitely 
placed as Z£. coli. One year later Guillebeau (2) found twenty-two cases 
due to an organism which he named B. Guillebeau, but which was later 
identified as EZ. coli by Jensen (3). Steiger (4) in 1904 gives fourteen 
cases out of forty-six as due to E. coli. Henderson (5) reported £. coli 
in twelve out of fourteen cases, but his results would seem to have little 
value since examination was made late in the course of infection. Jones 
(6) reported work done by Savage in which only one case in thirty-one 
could be attributed to EZ. coli. In the same article Jones gave results of 
a very carefully controlled experiment, in which two cases were due to 
E. coli out of eighty-one examinations. In 1925 Carpenter (7) in a survey 
of one hundred and fifty cases discovered EF. coli in only two. Harden- 
bergh and Schlotthauer (8) examined the herds on four farms during a 
period of two and one half years, and out of a total of sixty-eight cases of 
Mastitis six were caused by £. coli. All six occurred on a single farm. 

Other authors have described the occurrence of E. coli in pathological 
milk, among others Minnett (9) and Proscholdt (10). In no ease, however, 
could any record be found showing analyses of milk prior to the infection. 
The case presented here should be of interest since samples were secured 
shortly before and also during the infection. 


History of the Case 


A registered Jersey cow, in the experiment station herd, giving eleven 
pounds of milk per milking suddenly dropped to one pound within a period 
of twelve hours. An infection seemed very likely in view of the following 
symptoms: loss of appetite, cessation of rumination, dull and depressed 
appearance, constipation, body temperature of 107° F., and a hard, hot, 
painful, swollen condition in the left rear quarter of the udder. 

Examination of the milk from the abnormal quarter under the micro- 

Received for publication August 21, 1934. 
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scope showed practically a pure culture of rod forms. Since this was 
rather unusual it seemed wise to study this condition further. 


Procedure 


Samples of milk were taken from the individual quarters in the follow- 
ing manner: The udder was carefully washed with water, dried, washed 
with 70% alcohol, the first streams of milk were discarded, and the open- 
ing of the test canal again washed with alcohol. Collection of the sample 
was made in sterile sample bottles, which were held in an ice bath until 
examination was made (time of holding not exceeding two hours). 

The milk was examined under the microscope and an attempt was made 
to isolate the predominating organism. The method of isolation was to 
make a serial dilution in litmus milk and plate on standard agar, blood 
agar and eosine methylene blue agar. 

Lactose was determined by the method of Soxhlet and Wein (11), 
chlorides by Volhard’s (12) procedure. Hydrogen-ion concentration was 
determined potentiometrically using a type K Leed’s and Northrup poten- 
tiometer with a Baily electrode. 


Experimental 


Since the milk of this cow, as well as that from a group of others, was 
being used for chemical analysis a 24 hour composite sample of the milk 
of October 13, three days before the onset, was available. The next sample 
was secured immediately following the sudden diminution in milk, while 
the other samples were taken at intervals during the course of the reported 
condition. 

Microscopical examination of the milk on October 16 showed an abnor- 
mally high leucocytic count in all quarters with the exception of the right 
front. Bacteria were found in only the left rear quarter and were defi- 
nitely short rod forms. By October 20 the milk of all quarters contained 
an abnormal number of leucocytes. 

During the entire period of examination (one week) bacteria were found 
in only one quarter; for this reason all bacterial results were based on 
samples collected from this quarter. 

A litmus milk serial dilution showed an acid coagulation out to the 10° 
tube. Stains of the series demonstrated the presence of a short rod in all 
dilutions. A streak plate on eosine methylene blue agar from the last tube 
in the series yielded a gram-negative bacillus which produced a greenish 
metallic sheen on this media. Plates of the milk directly from the cow 
made on standard agar, blood agar, and eosine methylene blue agar showed 
this organism was present in numbers comparable to those found by the 
serial dilution in litmus milk. 
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Several colonies were fished and tested on other media with the follow- 
ing results: 
Dextrose—Acid and gas 
Lactose—Acid and gas 
Clark and Lubs—Red to methyl red 
Litmus milk—aAcid, slight gas 
Indole—Produced 
Gelatin—Not liquefied 


Pathogenicity tests were made on guinea-pigs using an 18 hour broth 
culture of one of the typical colonies. The procedure used was as follows: 
1 ee. was injected into each of two animals. One was given a subcutaneous 
injection, while the other received the culture by the intraperitoneal route. 
In both cases death followed within 16 hours, and the organism was isolated 
from the liver, kidney, spleen, and heart blood. All indications pointed to 
death being caused by a toxic condition, since autopsy showed red adrenals 
and local hemorrhagic areas at the point of injection. 

Two other animals were inoculated in the same manner with the milk 
from the infected quarter. In both cases the animals showed noticeable 
signs of distress for the two days following the injection, but recovered by 
the third day. 

The results of the chemical analysis are summarized in the following 
table. 

Examination of the table shows that the values obtained for the mixed 
sample before the onset of the infection compare favorably with values 
given recently by Rosell (13) for normal milk. The samples taken the 
first day of infection show abnormally low lactose and abnormally high 
chloride contents in all quarters; being most pronounced in those samples 
showing an abnormal leucocyte picture. The specific conductance of the 
milk very closely parallels the results on chlorides. The latter samples also 
had a pH approaching that of blood, while the right front quarter gave 
practically a normal value. 

In the samples taken four days later milk secretion had decreased to 
such an extent that determinations were possible only on chlorides. The 
chloride content increased in the three quarters which failed to show bae- 
teria, but the value in the infected quarter remained at about the same 
level. At this time also all samples showed an abnormally high leucocyte 
count. 


Summary and Conclusions 


The organisms isolated from an acute case of mastitis proved to be a 
toxic strain of E. coli. 


In this case the onset was very sudden, and was noticeable at once by 
both chemical and bacteriological tests. There was also evidence that even 
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though the infection remains localized in one quarter abnormal milk may 
be produced in all four quarters. 

The results obtained with tests on pH, lactose and chloride determina- 
tions were in the same direction as those found by Roselle in latent chronic 
mastitis. 


Both the chemical and microscopical tests used in this work were satis- 
factory in the diagnosis of an inflammatory condition of the udder. 
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SOME PHYSICO-CHEMICAL PROPERTIES OF LACTOSE 


VI. THE SOLUBILITY OF LACTOSE IN SALT SOLUTIONS; THE 
ISOLATION OF A COMPOUND OF LACTOSE AND 
CALCIUM CHLORIDE 


B. L. HERRINGTON 
Department of Dairy Industry, Cornell University, Ithaca, N. Y. 


INTRODUCTION 

While studying the different types of crystals of lactose, formed under 
different conditions of crystallization, it was observed that if a considerable 
quantity of fused calcium chloride was added to a hot concentrated solution 
of lactose, no crystals appeared on cooling. In successive experiments, the 
concentrations of lactose and of calcium chloride were increased until 
finally 15 grams of anhydrous calcium chloride had been added to a boiling 
solution of 15 grams of alpha hydrate in 10 ce. of water. It was necessary 
to hold the test tube in boiling water and shake for nearly an hour to get 
all of the material into solution. At room temperature, this solution was 
still able to dissolve additional alpha hydrate. This could be demonstrated 
easily by observing with a microscope single crystals immersed in the solu- 
tion. Using calcium bromide, a similar solution was prepared which could 
not be induced to erystallize even at —78° C. 

This enormous increase in the solubility of lactose in salt solutions 
seemed worthy of further investigation. It was hoped that it would help 
to explain the stability of uncrystallized lactose in ice cream, and in milk 
powders. In such products, it is dissolved in concentrated salt solutions. 
This increased solubility may also be a factor in the recovery of sugar from 
mother liquors in the manufacture of lactose. Also, the increased solubil- 
ity of lactose in salt solutions might be related to the abnormal rotations 
observed previously. It was hoped that a study of the effect of salts upon 
the solubility might explain those abnormal rotations. 

It has long been known that other sugars show increased solubility in 
the presence of salts. This is often of importance in the recovery of sugars 
from molasses. The increased solubility is probably due to the formation 
of compounds in the solution. 

Compounds of sugars with salts seem to be of two types. Sugars are 
known to act as weak acids, and unite with bases in alkaline solution. This 
fact has found commercial application in the Steffans process for the recov- 
ery of sucrose. Lactose forms compounds of this type. Dubrunfaut (5) 
reported that lactose forms compounds with three equivalents of sodium or 
potassium hydroxide, but with only two equivalents of calcium hydroxide. 

Received for publication March 23, 1934. 
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Honig and Rosenfeld (8) also isolated a sodium lactosate which contained 
two molecules of water. Bleyer and Schmidt (3) found that the equilib- 
rium rotation was shifted to form more beta lactose at high pHs. Troy and 
Sharp (21) found that erystallization of lactose was retarded at high pHs. 
Probably both of these effects are due to the formation of salts by the lac- 
tose in solution. Hofmeister (7) found that, in alkaline solutions, one 
molecule of lactose united with five atoms of copper. 

Sugars also form compounds with neutral salts. Lippmann (14, page 
549) deseribes a number of such compounds of glucose with the halides of 
the alkalies, and compounds of fructose with halides of the alkaline earths, 
with lead chloride, and with lead nitrate. A number of crystalline com- 
pounds of sucrose with the alkali halides are also known (1). Mukhin and 
Ass (16) found that the velocity of mutarotation of glucose was altered by 
the presence of salts in solution. They believed that compounds were 
formed in solution having a greater mutarotation velocity. Trey had ob- 
served the effect of salts upon the mutarotation velocity of glucose as early 
as 1897 but he did not believe that the effect could be explained by the as- 
sumption of compound formation. He pointed out (20, page 451) that the 
existence of such compounds in the solid state is not proof that they exist 
in solution. Perhaps the most interesting paper on molecular compounds 
of sugars with salts is that of Dale (4). He reported the preparation of 
two compounds of mannose with calcium chloride. One had the formula, 
beta mannose - CaCl, -2H.O, and showed a normal mutarotation in solution. 
The other compound, mannose - CaCl, -4H.O, showed an abnormal rotation 
eurve which starts negative but becomes positive within a few minutes and 
then follows the normal mutarotation curve for alpha mannose. Dale be- 
lieves that this compound contains some unknown form of mannose which 
reverts to alpha mannose in solution. 

Siegfried and Howwjanz (19) apparently prepared a molecular com- 
pound consisting of one molecule cf lactose and one molecule of calcium 
earbonate. Lobry de Bruyn and Franchimont (15) also prepared a com- 
pound of lactose with ammonia. However, this seems to be a true amine 
and not a molecular compound. Pucher and Dehn (18), who studied the 
solubility of lactose in pyridine, reported that ‘‘The solubility curve indi- 
cates the probable formation in solution of a molecular compound.’’ How- 
ever, their data are not very convincing. They report a value for the solu- 
bility of lactose in pure water at 1° C., which is nearly double the accepted 
value. Levy (13) and Levy and Doisy (11, 12) found that lactose com- 
bines with borates in solution, and that the formation of such compounds 
leads to errors in the determination of sugars by reduction. 

Peter (17) measured the solubility of lactose in sucrose solutions and 
found that the solubility at 0° C. was reduced nearly one-half by saturat- 
ing the lactose solution with sucrose. Leighton and Peter (10) studied the 
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effect of 39 dyes upon the ‘‘super solubility’’ curve of lactose. Only erys- 
tal violet and rosaniline hydrochloride or base had any effect at all, and 
these had only a slight effect. Hunziker and Nisson (9) measured the solu- 
bility of lactose in milk and whey. They reported that the milk colloids 
had no influence upon the solubility. The solubility of lactose in pure 
water has been studied by several workers. Gillis (6) gives a critical study 
of their data together with some original data of his own. 

The experiments which are to be reported in this section were made in 
order to answer several questions. It was known that hydrated lactose was 
exceedingly soluble in concentrated solutions of calcium chloride. It was 
desired to prove that this increased solubility was due to the existence of 
compounds in solution, and not to some other cause, and also, if possible, 
to isolate the unknown compound, or compounds, and to determine their 
solubility, and the conditions under which they are stable. 

Further, it was known that the equilibrium rotation of lactose was 
altered by relatively low concentrations of calcium chloride or other salt. 
It was desired to show that the solubility of lactose was also altered in these 
dilute solutions. 


EXPERIMENTS 


The first experiments dealt with the solubility of lactose in dilute salt 
solutions. The solutions were prepared from Baker’s Analyzed calcium 
nitrate and calcium chloride. They were adjusted to neutrality by means 
of phenol red. The concentrations were then determined by analysis for 
ealcium. The solutions were saturated with lactose by shaking for six days 
at a temperature of 32° C.+ 0.5. It was not possible to determine the lac- 
tose in these solutions by direct polarization because of the influence of the 
calcium chloride upon the specific rotation. For that reason, a series of 
solutions containing known amounts of lactose dissolved in the salt solution 
were prepared. After plotting the observed rotations against the lactose 
content, it was possible to estimate the solubility of lactose from the ob- 
served rotation. As a check upon these measurements, the refractive in- 
dices of the solutions were determined, using an Abbe refractometer, and 
the solubility was estimated by a similar extrapolation. 

The results which were obtained are shown in table 1. They are not of 
a high degree of accuracy, but they do show that there is no great increase 
in the solubility of lactose at moderate salt concentrations such as might be 
expected from the results with more concentrated solutions. However, 
the increase in solubility is unmistakable, and it parallels the shift in spe- 
cifie rotation. 

Since the solubility of lactose was increased only slightly in a 4 N solu- 
tion of calcium chloride, it seemed probable that the great solubility indi- 
cated by the earlier experiments in the case of the concentrated salt solu- 
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TABLE 1 
Solubility of lactose in salt solutions at 32° C. 


LACTOSE PER 100 GRAMS WATER. 
CONCENTRATION OF — 
SALE SOLUTION By refractometer| By polariscope 

5.40% 27.6 27.6 
$6 19.63% 34.4 33.7 
1 normal 28.4 29.5 
| 2 normal 29.8 29.0 

4 normal 31.2 33.3 


The calcium chloride solutions were approximately 1, 2, and 4 normal but were not 
adjusted to exactly those values. 


tions was due to experimental error. Two possible explanations were 
considered for the failure of the concentrated solutions to crystallize. 
They might actually be unsaturated and no crystallization could be ex- 
pected, or they might be so greatly supersaturated that they had reached 
a metastable condition. The first theory seemed improbable, especially 
when the solutions were cooled to —78° C., without erystallization. There- 
fore, an attempt was made to obtain crystals from a more dilute solution. 
The first trial succeeded. A hot solution of 20 grams of calcium chloride 
and 20 grams of alpha hydrate in 30 ee. of water gave well formed crystals 
on cooling. A microscopic examination indicated that they were neither 
alpha hydrate nor beta anhydride. One of the very concentrated solutions 
was then diluted with approximately half its volume of water. After 24 
hours, that solution also yielded the same type of crystals. 

Preparatory to analysis, the crystals were placed in a Gooch crucible 
and centrifuged to remove mother liquor. After washing with alcohol, the 
excess alcohol was removed by placing the material under a vacuum (water 
pump) while warming gently. The material was then analyzed for lactose 
by means of the polariscope, for chlorides gravimetrically, and for calcium 
by the oxalate-permanganate method. The apparent formula was found 
to be CaCl, - 0.98 lactose 6.94H,0. 

At a later date, two other samples of the crystals were prepared from 
solutions having quite different initial ratios of lactose to calcium chloride. 
The crystals were sucked dry in a porous crucible. Then the crucible was 
placed upon a pad of filter paper in a centrifuge cup. After centrifuging 
for thirty minutes, the crystals were moistened with alcohol and recentri- 
fuged. Then the remainder of the alcohol was removed by placing the 
erucible under a high vacuum (using a Cenco Hyvaec pump) at room tem- 
perature for several hours. Analyses were carried out as before, except 
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that the lactose was estimated colorimetrically by the method of Bierman 
and Doan (2). It was necessary to centrifuge the solutions before reading 
in the colorimeter in order to remove the precipitated calcium salts. The 
results of these analyses are given in Table 2. 


TABLE 2 
The analysis cf two samples of a compound of lactose and calciwm chloride 


SAMPLE 7 SAMPLE 9 
CONSTITUENTS 

| Per cent Molecules Per cent Molecules 

CaCl, (from calcium) 19.33 19.05 
1.00 1.00 

CaCl, (from chloride) 19.43 19.12 
Lactose (as hydrate) .... 63.4 1.01 62.9 1.01 
Balance (water) .......... 17.5 5.52 18.0 5.82 


Since these three analyses were made on samples obtained from solu- 
tions of different initial ratios of lactose to calcium chloride, there seems 
little question that a true compound is formed, at least in the solid state. 
This compound contains one molecule each of lactose and of calcium 
chloride. It was not so easy to determine the degree of hydration since it 
was not known how the crystals could be dried without loss of water of 
crystallization. The material, as analyzed, was observed to increase in 
weight rapidly if exposed to the air. Two questions remained to be an- 
swered: the exact degree of hydration; and the form of the lactose which 
was present in the compound. The later problem was taken up first. 

When the crystals were dissolved in water, the optical rotation decreased 
slowly. This increase in rotation indicated the presence of alpha lactose, 
but other explanations might be possible. The observed mutarotation 
might have been due either to a slow dissociation of the compound in solu- 
tion liberating either form of lactose or to the mutarotation of some pre- 
viously unknown modification of lactose. Dale (4) had found the latter 
to be true in the case of one of his compounds of mannose and calcium 
chloride. The simplest explanation of the decrease in rotation was that the 
compound dissociated almost instantly in solution liberating alpha lactose. 
This theory was tested in two ways. 

A study of the mutarotation velocity should give information regarding 
the nature of the change which was responsible for the change in optical 
rotation. The mutarotation reactions should consist of two parts: first, a 
transformation to one of the known forms of sugar; and second, a subse- 
quent transformation to the equilibrium mixture. The relative velocities 
of these two reactions would determine the value of the mutarotation con- 
stant. If the first reaction were much more rapid than the second, and if 
the dissociation were complete, then the observed constant would approach 
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the value for the mutarotation of alpha lactose. If the two reactions were 
of approximately equal velocities, or if the dissociation were not complete, 
even though quite rapid, then the observed constant would change in value 
with time. If the first reaction were slow compared with the second, then 
the observed constant would be much smaller than the constant for the 
mutarotation of lactose. In order to distinguish between these three cases, 
a study was made of the mutarotation of a 12 per cent solution of the lae- 
tose-caleium chloride compound at 25° C. A series of observations was 
made in order to detect any change in the value of the constant with time. 
These data are shown in Table 3. It seems probable that the minor varia- 


TABLE 3 
The mutarotation constant of alpha lactose - CaCl,-7H,O0 at 25° C. 


TIME IN MINUTES K,+ K, 
0.530 
0.522 
20 ... 0.510 
25 . x“ 0.524 
0.524 
0.531 

180 .. = = 0.521 
Average 0.523 


The solution contained 12 grams of compound per 100 ce. The pH was approxi- 
mately 6.8. 


tions are due to experimental error, and that the constant represents the 
velocity of transformation from alpha lactose to beta. 

A second method was used to show that alpha lactose is liberated by the 
dissociation of the compound in aqueous solution. If the mutarotation 
were due to a slow transformation of alpha lactose to beta, then the addi- 
tion of an equivalent amount of beta at the beginning of the experiment 
would prevent the decrease in rotation. This proved to be true. It was 
not possible to use the customary value of the beta-alpha ratio because of 
the shift in equilibrium caused by the calcium chloride. For that reason, 
a preliminary experiment was performed. The observed rotations were 
extrapolated back to zero time, and then frem the final rotation, it was pos- 
sible to caleulate the beta-alpha ratio, and from that, to calculate the beta 
equivalent of the alpha lactose present in the compound. The compound, 
and the equivalent amount of beta lactose were then dissolved simultane- 
ously, and the solution was examined in a polariscope. The first reading 
that could be obtained was 12.94°. There was no appreciable change in the 
rotation on standing. After two hours the rotation had increased only to 
12.97°. This slight change was considered of no significance, since it was 
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not greater than the possible error in estimating the beta equivalent. This 
experiment was considered proof that the compound does dissociate at once 
liberating alpha lactose, since the chance of any other transformation oeccur- 
ring with precisely the velocity required to prevent mutarotation was very 
small. 

The existence of this compound of salt and alpha lactose is believed to 
give rise to the anomalous rotation of lactose in calcium chloride solutions. 
By analogy, it may be assumed that the other cases of abnormal rotation of 
lactose in salt solutions are due to the formation of similar compounds. In 
the majority of cases, these seem to contain the alpha form. It is quite pos- 
sible that many of these compounds can never be isolated in the crystalline 
form beeause of unfavorable solubility relations, but the assumption of their 
existence in solutions seems justified and may prove useful. No serious at- 
tempt was made to isolate compounds of lactose with other salts. However, 
it was noticed that a concentrated solution of lactose and calcium bromide 
showed a marked mutarotation when diluted, the mutarotation constant 
being 0.56." 

The true water content of the compound of lactose and calcium chloride 
was not yet known. Previous determinations had given values lying be- 
tween six and seven molecules, and it was believed that the variation was 
not due to error in analysis, but to improper preparation of the sample. It 
had been observed previously that the material tended to increase in weight 
unless protected from the air. Experiments with samples 7 and 9 indicated 
that when the compound was exposed to the atmosphere, it soon reached a 
constant weight without any apparent deliquescence. (At the time, the 
relative humidity was low.) The moisture content of this material was 
determined by drying under a vacuum with P.O,;. During the drying 
period, the temperature was raised slowly to 105° C. The moisture con- 
tents of these samples were found to be 21.70 and 21.77 per cent. The theo- 
retical moisture content of the compound containing seven molecules of 
water is 21.75 per cent. This was considered to be satisfactory agreement, 
and the formula 

alpha lactose - CaCl, -7H,O 


was assigned to the compound. 

In order to learn more about the properties of this compound of lactose 
and calcium chloride, the solubility relations in the system lactose, calcium 
chloride, and water were studied at 25° C. This is a pseudo quaternary 
system but under suitable conditions it may be regarded as ternary. A 
series of solutions of different concentrations of calcium chloride were pre- 
pared from Bakers Analyzed chemicals. The solutions were clear, and 


1 Since the preparation of this manuscript, a crystalline compound of lactose and 
calcium bromide has been isolated. Its formula is apparently similar to that of the 
chloride compound. 
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TABLE 4 

Solubility relations in the system: lactose, water, and CaCl,.6H,O at 25° C. 
SOLUTION SOLID PHASE | ALPHA HYDRATE CaCl, -6H,O 
1 alpha hydrate | 20.65% 0.00% 

$4 21.7 35.9 

alpha + compound 21.7 35.4 

compound 10.0 46.7 

| 6.1 54.0 

3.75 66.7 

| 4.57 75.5 

compound + CaCl,-6H,O | 8.20 80.5 

CaCl, 6H,O | 0.00 88.5 


An analysis of the crystals from solutions 7 and 9 is shown in table 2. 


neutral to phenol red. After a trial run to determine the approximate solu- 
bility of lactose in these solutions, new solutions of lactose, which contained 
a small excess of sugar, were prepared by heating. After cooling to 25° C., 
each solution was seeded with alpha hydrate, with the compound, and with 
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CaCl, -6H,O. The large pyrex test-tubes which contained these solutions 
were placed in a rocking machine which was suspended in a thermostat. 
Samples were withdrawn for analysis after three, and after ten days. The 
erystals were examined with the aid of a microscope in order to determine 
what solid phase, or phases, were present. The second series of analyses 
gave values only slightly lower than the first. The data are shown in table 
4, and graphically in figure 1. For convenience, the components chosen 
were water, alpha hydrate, and CaCl,-6H,O. The analyses of the solu- 
tions were made by a gravimetric determination of chlorides, and by the 
colorimetric determination (2) of lactose. 


SUMMARY 


Lactose is more soluble in molar solutions of calcium chloride or of cal- 
cium nitrate than in pure water. Increase in the concentration of salt 
brings further increase in the solubility of lactose. This phenomenon is 
believed to be related to the anomalous rotations of lactose in salt solutions. 

The increased solubility of lactose in calcium chloride solutions is due 
to the formation of a molecular compound of alpha lactose and calcium 
chloride in solution. A study of the solubility of lactose in calcium chlo- 
ride solutions indicated the existence of only one compound at 25° C. 
This compound was isolated. It has the composition alpha lactose 
CaCl, -7H,0. 

Hydrated lactose is exceedingly soluble in concentrated solutions of cal- 
cium chloride, (or calcium bromide), but these solutions are supersaturated 
with respect to the compound just mentioned. Such solutions are often 
exceedingly stable, and may resist all attempts to induce crystallization. 

Faith in the reliability of polariscopic data as evidence of the formation 
of lactose compounds in salt solutions has been strengthened by the fact 
that lactose, in the solutions tested, exhibited an increased solubility, and 
furthermore, by the fact that one such compound has been isolated. Such 
data indicate that many salts may combine with lactose. The existence of 
such molecular compounds is possibly a factor contributing to the stability 
of such supersaturated solutions of lactose as are found in ice cream and in 
milk powders. 
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MILK AND BUTTERFAT YIELDS OF JERSEY COWS AS 
AFFECTED BY FREQUENCY OF MILKING 


LYNN COPELAND 
American Jersey Cattle Club, New York, N. Y. 


During the five year period from 1929 to 1933 inclusive a total of 14077 
Register of Merit records were completed on Jersey cows. Of this number 
32.71 per cent of the cows in making their records were milked only twice 
daily during the entire lactations. There were 33.22 per cent which were 
milked three times daily for several months and then completed their lac- 
tations on twice a day milking. The percentage milked three times daily 
during their entire lactations was 30.45. The remainder, totalling 3.62 
per cent were milked four times daily during a part or all of their lae- 
tations. 

In years past, many breeders have hesitated to undertake official testing, 
unless they were able to feed and milk their cows at least three times a 
day, feeling that on twice a day milking their cows could not possibly make 
creditable records. This belief is still prevalent to some extent and is one 
of the reasons frequently offered by breeders for not undertaking Herd 
Improvement Registry testing. They think that their Herd Test records 
made on twice a day milking will not be at all comparable to the official 
Register of Merit or Advanced Registry records of their neighbors’ herds 
made on three time a day milking. 

Now that all of the Dairy Cattle Breed Associations have adopted the 
Herd Improvement Registry, it becomes a very important question as to 
just what the attitude of these associations shall be regarding the produe- 
tion testing of purebred animals. Should the associations put all of their 
energy behind Herd Testing alone or should they encourage Herd Testing 
but also advocate that breeders combine it with semi-official work and con- 
tinue to test their better cows in the Register of Merit or the Advanced 
Registry with the advantage of better care and three time a day milking? 

Several important questions are involved. First, how much more will 
a cow produce milked three times a day than if milked only twice daily? 
Then, does the increase (if any) depend on the relative producing ability 
of the cow? Is it true that a mediocre cow may very nearly reach the limit 
of her ability on twice a day milking? Will mass testing of herds on twice 
a day milking under average farm care really differentiate between cows 
of average ability and the higher producing cows of the breed? Finally, 
granting that high records possess worth while commercial and advertising 
value, from a breed improvement standpoint is it absolutely necessary to 
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locate the cows of the breed capable of producing 800 to 1,000 pounds of 
butterfat in a year’s test? 

To try to answer, at least partially, some of these questions especially as 
affecting the policy of the Breed Associations and the attitude of breeders 
in regard to production testing, an analysis has been made from the Rég- 
ister of Merit records completed by registered Jersey cows. Since 1921, 
the total number of milkings for all Register of Merit records have been 
published in the annual record volumes. A check of all these records re- 
vealed that since 1921 to December 31st, 1933, there have been just 226 
Jersey cows which have completed one record made on strictly twice a 
day milking during the entire lactation and another record made on 
strictly three time a day milking during the entire lactation. In all but 
19 instances both records on each cow were made under the same owner- 
ship. In 184 instances, the record made on twice a day milking was finished 
first and in the remaining 42 cases, the record made on three time a day 
milking was completed first. While exact information is not available it 
is naturally assumed that in most cases at least feeding periods corre- 
sponded to milking periods and that cows milked twice daily were also fed 
twice daily and that cows milked three times daily were fed three times 
each day. 

All of these records were converted to a uniform age basis using the 
American Jersey Cattle Club age conversion factors. Then the butterfat 
and milk yields of each record made on twice a day milking were compared 
with the yields of the record made on three time a day milking and the 
conversion factor determined both for milk and butterfat. Table 1 is a fre- 
queney table of these factors. It will be observed that the greatest fre- 
quency falls between 1.00 and 1.29, in fact, 63.27 per cent of all the records 
fall in this range. There is however considerable variation. For instance 
in 27 cases, or 11.95 per cent, the record made on three time a day milking 
was less than the record completed on twice a day milking. 

In averaging the factors for converting records made on twice a day 
milking to a three time a day equivalent, three sets of averages were 
secured. The first group, including 184 cows on which the twice a day ree- 
ords were made first, showed factors of 1.194 for butterfat and 1.226 for 
milk yield. The second group of 42 cases in which the three time a day 
records were made first gave factors of 1.153 and 1.134 for butterfat and 
milk yield respectively. Totalling the entire group of 226 comparisons re- 
sults in factors of 1.186 for butterfat and 1.209 for mild yield. In other 
words, on an average, the cows produced approximately 19 per cent more 
butterfat and 21 per cent more milk when milked three times daily as com- 
pared to twice a day milking. These results compare favorably with those 
published by Woodward (1) in 1931 but are somewhat lower than the con- 
version factors reported by Davis and Mergan (2). However, Woodward 
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reported a slightly greater increase in butterfat than in milk yield when 
cows were milked three times daily. 

A general belief among dairymen is that good feed and care together 
with a prolonged lactation period aids materially in developing dairy heif- 
ers. Graves (3) has previously shown that the inerease in yield of a re- 
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and 12.2 per cent for Guernseys. In his work he did not take into consid- 
eration whether the initial records were made on twice a day milking or on 
three time a day milking. 

Figure 1 shows clearly the tendency of the conversion factors to be less 
when three time a day milking records were made first. This would indi- 
eate that when the initial record was made with three time a day milking, 
the effect on the future production was greater than when the initial record 
was made with twice a day milking. On a percentage basis this increase in 
development figures 3.43 per cent for butterfat and 7.50 per cent for milk 
yield. 

The 226 examples were divided into eight groups depending on the ree- 
ords of the cows made on twice a day milking. Conversion factors were 
determined for each group. The results are summarized in table 2. 


TABLE 2 
Frequency table showing conversion factors based on producing ability 
of the cows 


FACTORS FOR CONVERTING 

A DAY MILKING IN EACH GROUP THREE MILKING PER 

DAY BASIS 

400 to 449 ........ 21 1.382 

450 to 499 .......... 36 1.262 

500 to 549 50 1.233 

550 to 599 . 44 1.142 

600 to 649 27 1.117 

650 to 699 ........ 19 1.086 

12 1.073 

750 and over ...... 17 1.058 


These results are quite startling and are in almost direct contrast 
to popular opinion among many dairymen. However, as the producing 
ability of the cows increased the gain in production through three time a 
day milking becomes regularly and constantly less. Swett (4) has demon- 
strated that the secretion of milk to a considerable extent is a continuous 
process and Woodward (1) states, ‘‘As the udder fills with milk, the pres- 
sure exerted by the milk tends to check secretion, and the greater the 
pressure the more completely is secretion stopped.’’ This will account for 
the fact that cows yield greater quantities of milk when milked oftener than 
twice aday. Yet, it seems that according to this reasoning high producing 
cows ought to show a greater increase than do average producing cows when 
they are milked three times daily, unless it can be assumed that the high 
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producing animals have proportionately larger mammary systems so that 
even on twice a day milking little if any extreme udder pressure is devel- 
oped. From the results shown in table 2, it is clearly evident that high 
producing cows can come nearer reaching the maximum of their inherited 
producing ability on twice a day milking than will animals of average or 
mediocre ability. These results may be of value in connection with further 
studies on milk secretion. 

To show the expected increase in butterfat yield that might be antici- 
pated from milking three times daily during the entire lactation, table 3 is 
presented. This table gives hypothetical productions for records made on 
twice a day milking and shows the expected yields resulting from three 
time a day milking together with the pounds of butterfat increase. 


TABLE 3 
Predicted increases in butterfat production resulting from three 
time a day milking 


DAY MILKING : “DAY MILKING 4 DAY MILKING 
1.382 587 162 
475... 1.262 599 124 
525 . 7 1.233 647 122 
575 ..... = 1.142 657 82 
ao | 1.117 698 | 73 
are 1.086 733 | 58 
eee 1.073 778 | 52 
ca 1.058 820 45 


The 226 records made on twice a day milking were ranked in order of 
their butterfat yields. These yields were then compared or correlated with 
the yields which resulted from three time a day milking. This was done to 
ascertain if the cows would rank the same or nearly the same if milked 
twice daily as they would if milked three times daily. A fairly close 
agreement was observed. In fact, the coefficient of correlation found in 
comparing the two groups was + .638 + .029. For a check on these results 
a search was made through the Second Consolidated Register of Merit vol- 
ume and a total of 176 cases were found of cows having two records both 
of which were made on strictly three time a day milking during the entire 
lactations. These records were all computed to maturity and the cows were 
ranked in order of the yields of their first records. This ranking was then 
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compared to the way the same group of cows ranked on the basis of their 
second reeords. In this case the correlation coefficient was + .642 + .031. 

These correlation coefficients are high and are very similar to those of 
the first comparison. They indicate that a record made on twice a day 
milking will give almost as good a prediction of what a cow will produce 
in a given lactation on three time a day milking as does an earlier record 
made on three time a day milking by the same cow. 


SUMMARY 


1. Milking Jersey cows three times daily results in an average increase 
of approximately 19 per cent in butterfat and 21 per cent in milk yield. 

2. The use of a single factor for converting all records made with twice 
a day milking to a three milking per day basis is not recommended. 

3. The increase in yield due to milking three times daily, varies greatly 
with the producing ability of the animal on twice a day milking and is in- 
versely proportional to such ability. High producing cows show a smaller 
increase in yield when milked three times daily than do cows with a lower 
inherited producing ability. 

4. Milking heifers three times daily on test results in a slightly greater 
development than when the initial records are made on twice a day milking. 

5. Mass testing of cows in the Herd Improvement Registry on twice a 
day milking will definitely differentiate between average cows and the high 
producing cows of the breed. 
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American Dairy Science Association Announcements 


NEW OFFICERS 


The new officers of the American Dairy Science Association are as 
follows: President—C. L. Roadhouse, University of California, Davis, Cali- 
fornia, and Vice-President H. A. Ruehe, of the University of Illinois. The 
Vice-President of the American Dairy Science Association automatically 
advances to the Presidency at the end of his term as Vice-President. 
M. Mortensen of the Iowa State College was elected a Director for a 3 year 
term to succeed Earl Weaver of Oklahoma. The other two members of the 
Board of Directors are O. F. Hunziker and L. A. Rogers. The term of office 
for Roadhouse, Ruehe and Mortensen dates from October Ist. A. C. Dahl- 
berg, New York Agricultural Experiment Station, Geneva, N. Y., continues 
as Editor of the JourNAL or Datry Science, and R. R. Graves, Bureau of 
Dairy Industry, Washington, D. C., continues as Secretary-Treasurer of the 
Association. 

The officers of the various Sections and Divisions have been corrected 
on the directory page of the Journal but two Divisions have not yet held 
their elections. 


WESTERN DIVISION MEETING 


The Western Division held its annual meeting in the Multnomah Hotel 
in Portland, Oregon, on October 7, 1934. As in former years, this Division 
had an interesting program and in the morning there were two sections 
meeting simultaneously. This Division sponsored the Students’ Judging 
Contest in dairy cattle and dairy products at the Pacifie International Live- 
stock Exposition. Of general interest is the following resolution adopted at 
the business session. 

‘* Whereas the present legal standards and definitions for milk obtaining 
generally throughout the United States are so high as to discriminate 
against certain herds of cattle. 

‘*Be it resolved, therefore, that the Western Division of the American 
Dairy Science Association recommends the establishment of standards or 
definitions for milk that will not discriminate against the normal milk of 
any healthy cow.’’ 


EASTERN DIVISION MEETING 


The Eastern Division held its annual meeting on September 16, 17, and 
18, 1934, in the Clinton Hotel at Springfield, Massachusetts. This Division 
again sponsored the Students’ Judging Contest in judging dairy cattle and 
dairy products at the Eastern States Exposition. 
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824 ASSOCIATION ANNOUNCEMENT 


NEXT ANNUAL MEETING 


The next annual meeting of the American Dairy Science Association will 
be June 25, 26, and 27 at the University of Minnesota. 


AUTHORS MAY SECURE CUTS FOR ILLUSTRATIONS 


Cuts for all graphs and pictures in articles published in the Journal may 
be secured free by authors who request them from The Science Press Print- 
ing Company. The first of each year the old cuts on hand will be destroyed 
so that requests should be made promptly. 


INDEX TO VOLUME XVII 


CIDITY and hydrogen-ion con- 
centration of frozen desserts, The 
influence of citric acid upon titrat- 
able 
Acidity, and quality in cheddar deen, 
A study of the relationship between 
hydrogen-ion concentration, titrat- 
able 
Acidity in milk 
Acid in milk and cream, Detection of 
lactic 
Acid production ‘of Streptococcus 
tis, Rate of growth and 
Air in dairy plants, Numbers of micro- 
organisms falling from the 
ALLEN, Nat N. The fat percentage 
of milk as affected by feeding fats 
to dairy cows 
Alpha hydrate- anhydride ‘systems of 
lactose 
American Dairy Association: 
Announcements 
..61, 121, 278, 339, 417, 
By- 
Members July 15, 1934 
Proceedings of 29th annual meet- 
Program ‘of annual meeting 
Analysis, fat test . 

Analysis for lactic 
Analysis of dry skim milk, Standards 
and methods of 
Analysis, x-ray ........ 
ANDERSON, G. C. (See Atkeson, F. 
W.) 


ANSBACHER, Fuaweay, G. E. and 


SuPPLEE, G. ec. Certain foam pro- 
ducing substances of milk 

ATKESON, F. W., WARREN, T. R., and 
ANDERSON, G. C. Water require- 
ments of dairy calves 


ACTERIA. 

Escherichia coli 11, 
Streptococcus fecalis 
Streptococcus lactis ................. 497, 


Bacteria in the air 

Bacterial flora of low “milk, 
Further studies of the effect of 
pasteurization on the 


Becker, R. B., Neat, W. M., and 
Sueaty, A. L. Effect of calecium- 
deficient roughages upon milk yield 

365 and bone strength in cattle 1 

BeTHke, R. M. (See Krauss, W. E.) 685 

Birth-weight, gestation period, and 
sex ratio of Alaskan hybrid Hol- 


33 stein-Galloway calves 709 
281 Breeding dairy cattle 93 
Brom Thymol Blue reaction and the 
759 catalase content of freshly drawn 
milk, A comparison of the leucocyte 
497 count, the 75 
Brown, L. W., and Price, WALTER V. 
613 A study of the relationship between 


hydrogen-ion concentration, titrat- 
able acidity, and quality in cheddar 


379 33 
Bull calves, Pedigree as a 
595 basis of selecting ............. 93 


Butter and butterfat and the iodine 
number of the butterfat, The rela- 
757 tion between the hardness of ............ 543 


.. 243 Butter as a substrate for mold growth 397 
743  Butterfat and the iodine number of 


the butterfat, The relation between 


. B75 the hardness of butter and ....... 543 

467 Butterfat records of cows possessing 

. 717 supernumeraries compared with cows 

_ 759 having the normal number of teats, 


. 419 Butter, the detection of the Esche- 


587 richia-Aerobacter group in. ....... ll 
Butterfat to the churnability of cream, 


2949 The relation of composition of 551 


Butterfat yields of Jersey cows as 
affected by frequency of milking, 
723 815 


ALCIUM and phosphorus metabo- 
249 lism in calves ................... 83 
Calcium-deficient upon milk 

yield and bone strength in cattle, 


799 Effect of. ................ 1 
525 Calves, Birth- weight, “gestation period, 
525 and sex ratio of Alaskan hybrid 

. 618 Holstein-Galloway 709 


Calves, Water requirements of dairy 249 
Catalase content of freshly drawn 
115 milk, A comparison of the leucocyte 
825 


826 


count, the Brom Thymol Blue reac- 

Catalase test of milk . * 

Cattle, The occurrence of Polythelia 
in dairy . 

CAULFIELD, W. J., ond RIDDELL, W. H. 
A study of some factors influencing 
the Hill curd test ............. 

Cannon,C. Y. (See Wilson, John L.) 

CHANG, CHANG Y., PHILLIPS, Paut H., 
and Hart, E. B. The effect of 
feeding raw rock phosphate on the 
fluorine content of the organs and 
tissues of dairy cows 

Cheese, Pimientos in processed. 

Cheese spreads 

Chlorine content of milk 

Chlorine sterilizers for dairy use, 
Studies of the technic to evaluate 
the efficiency of several 

Churnability of cream, The relation of 
the composition of butterfat to the 

Citrie acid upon titratable acidity and 
hydrogen-ion concentration of frozen 
desserts, The influence of ........... 

CuarK, G. L. (See Tuckey, 8S. L.) 

Coffee by cream treated in various 
ways, The color imparted to 

Color imparted to coffee by cream 
treated in various ways, The . 

Comss, W. B. (See Trelogan, H. 
675, 

Composition of milk 

CoPELAND, LYNN. Milk and butterfat 
yields of Jersey cows as affected by 
frequency of milking . 

COPELAND, LYNN. Pedigree analysis 
as a basis of selecting bull calves 
Coutter, S, T., and Comss, W. B. 
The relation of the composition of 
butterfat to the cameron of 

cream ........ 

CouurTer, S. T., ‘ana ‘Hu, “a “The 
relation between the hardness of 
butter and butterfat and the iodine 
number of the butterfat 

Cow testing Associations, Freshening 
ages of purebred cows in 


Cows as affected by frequency of 
milking, Milk and butterfat yields 
of Jersey 

Cows, Lespedeza straw for dairy .. 


INDEX 


281 


559 


791 
331 


543 


. 625 


815 
. 671 


Cows possessing supernumeraries com- 
pared with cows having the normal 
number of teats, The butterfat rec- 

Cows, The effect of feeding raw 
phosphate on the fluorine content of 
the organs and tissues of dairy ........... 

Cows, Water consumption of dairy ... 

Cows, yearly production 

Cream and their relation to churn- 
ing, Substances adsorbed on the fat 
globules in 

Cream, Detection of la in 
milk and 

Cream, Fat rising in " 

Cream, Methods for testing 

Cream, Studies on whipping 

Cream, The relation of the composi- 
tion of butterfat to the churnabil- 
ity ef 

Cream treated in various ways, The 
color imparted to coffee by 

< 501, 533, 587, 659, 

Curd tension of milk, The influence of 
homogenization on the 

Curd tension of milk, Influence of 
mastitis on the aoa 

Curd test, A study of some , tester 


AHLBERG, A. C., and HENING, 
J.C. The influence of citric acid 
upon titratable acidity and hydro- 
gen-ion concentration of frozen 
desserts 
Dairy technology, The application of 
X-rays to research in “ 
DEVEREUX, E. D., and MALLMANN, w. 
L. Studies of the technic to evalu- 
ate the efficiency of several chlorine 
sterilizers for dairy use 
Digestive tract of the bovine, Rate of 
passage of inert materials through 
the 
Dorcas, M, J. 


(See Supplee, G. C.) 
433, 527, 


Dry milk for ice cream 
Dry milk, Iodine content 
Dry milk, The iodine content of milk 

as affected by feeding iodized 


. 571 


695 


365 


75 
|| 
265 
737 
29 
695 759 
a 361 675 
: 373 717 
281 307 
351 551 
551 651 
701 
we 365 
587 519 
ue 651 257 
= 651 791 
717 
771 
815 
587 
551 
351 
= 297 
607 
103 
15 
771 


Dry skim milk, Standards and meth- 


ods of analysis of .. a 
Duncan, C. W., and Hurruan, C. F. 
The effect of ‘daily massive doses of 
viosterol upon calcium and phos- 
phorus metabolism and blood cal- 
cium and inorganic phosphorus in 
calves 
Duncan, C. W. 
DutcHer, R. ADAMS, GUERRANT, N. 
B., and McKeEtvey, J. G. Vitamin 
Studies: The effect of various meth- 
ods of pasteurization on the vitamin 
B and vitamin G content of cow’s 
milk 


LTING, E. C., and LaMasrter, J. 
P. A plan and preliminary re- 
sults of a permanent pasture graz- 
ELVEHJEM, C. A., Harr, E. B., ‘Jace- 
son, H. C., ar WECKEL, K. G. The 
nutritional value of milks—raw vs. 


pasteurized and summer vs. winter 7 


Escherichia-Aerobacter group in but- 
ter, The detection of the 

Escherichia Coli in mastitis, with ac- 
companying changes in milk compo- 
sition 


_ content and time of exposure 
on the antirachitic potency, The 
influence of . 
Fat, Factors the ‘initial 
induction period in the oxidation of 
milk 
Fat globules in cream and their sela- 
tion to churning, Substances ad- 

sorbed on the : 
Fat on the blood lipids of ‘lactating 
goats, The effect of specific dietary 
Fat percentage of milk as affected by 
feeding fats to dairy cows, The 
Fat rising in cream 
Feeding cows, effect on water con- 
sumption 
Feeding fats to dairy cows, The fat 
percentage of milk as affected by... 
Feeding iodized dry milk, The iodine 
content of milk as affected by ......... 
. 1, 233, 409, 425, 671, 


(See Lamb, L. W.)... 2 


83 


. 455 


11 


. 799 


. 483 


. 321 


771 


733 


B. W. 


INDEX 
Feeding trials ........ 
. 419 Feeding value of artificially dried 


pasture herbage for milk produc- 
tion, The . 
Fertilization results, Pasture 
Fitcn, J. B., and F. B. 
The utilization of Atlas and Kansas 
Sorgo seed by dairy cows 
FLANiGaN, G. E. (See Ansbacher, 
8.) 
FLETCHER, J, "(See Lush, R. H.) 
Fluorine content of the organs and 
tissues of dairy cows, The effect of 
feeding raw rock phosphate on the 
Foam producing substances of milk, 
Certain 
Fouger, A. (See Henderson, J. L.) 
Food value of milk 763, 
15, 19, 433, 455, 483, 489, 527, 607, 
Freshening ages of purebred cows in 
Iowa cow testing Associations 


ESTATION period, and sex ratio 
of Alaskan hybrid Holstein-Gallo- 

way calves, Birth-weight 

GirrorD, WARREN. The butterfat rec- 
ords of cows possessing supernu- 
meraries compared with cows having 
the normal number of teats 

GIFFORD, WARREN. The occurrence of 
Polythelia in dairy cattle 

Gotpine, N. 8S. The growth of Pen- 
cillium roqueforti: in synthetic 
media 

Graves, R, R. Proceedings of the 
29th annual meeting of the Ameri- 
ean Dairy Science Association 

Grimes, M. The detection of Esche- 
richia-Aerobacter group in butter 

Guerrant, N. B. (See Dutcher, R. 


(See Olson, 
H, C.) 

Hand ‘after ‘machine milk- 
ing, The value of . 

Hanrorp, Z. M., Surrian, G. C., ad 
REMINGTON, Ror E. Studies on the 
iodine content of milk .... 

Hanrorp, Z. M., G. C., and 
Witson, L. T. The iodine content 


827 


297 


409 
733 


61 


613 


331 


15 


|| 

= 343 
33 
723 
733 
695 
723 
475 
771 
685 
425 | 
625 
709 | 
= 
571 
559 
= 
675 
29 
455 
379 
675 
379 
= = 
|__| 


828 


of milks affected by feeding iodized 
dry milk 

Hansen, H., C. 

Hansen, H. C., THeopniuus, D. R., 
and ATKESON, F. W., and GILpow, 
E. M. Influence of mastitis on the 
eurd tension of milk ... 

Hardening of ice cream, A study of 
factors related to the . 

Harris, G. M., Luss, Jay L., and 
Suuttz, C. N. Progress report on 
comparison of lactation and yearly 

Hart, E. B. (See Chang, Chang Y.) 

Hart, E. B. (See Elvehjem, C. A.) 

Henperson, J. L., RoapHouse, C. L., 
and FouGer, A. The effect of heat 
and chemical sterilization on the 
rubber parts of milking machines ... 

Henperson, J. L., and ROADHOUSE, 
C. L. Factors influencing the ini- 
tial induction period in the oxida- 
tion of milk 

HENDERSON, J. L. (See Smith, F. R.) 

HeninG, J. C. (See Dahlberg, A. C.) 

Herrineton, B. L. Some physico- 
chemical properties of lactose. I. 
The spontaneous crystallization of 
supersaturated solutions of lactose. 

Herrineton, B. L. Some physico- 
chemical properties of lactose. II. 
Factors influencing the crystalline 
habit of lactose 

Herrineton, B. L. Some physico- 
chemical properties of lactose. III. 
The aqueous vapor tension of alpha 
hydrate-anhydride systems. The 
preparation of alpha anhydride 

Herrineton, B. L. Some physico- 
chemical properties of lactose. IV. 
The influence of salts and acids upon 
the mutarotation velocity of lactose 

Herrineton, B. L. Some physico- 
chemical properties of lactose. V. 
The influence of other substances 
upon the equilibrium rotation of 
lactose 

Herrincton, B. L. Some physico- 
chemical properties of lactose. VI. 


(See Theophilus, D. 


The solubility of lactose in salt 


INDEX 


771 


519 


501 


. 595 


659 


solutions; The isolation of a com- 
pound of lactose and caleium chlo- 


Hitt, O: J. (See Coulter, 8. T.) 
Hover, H. M. (See Sherman, J. M.) 


Hopeson, R. E. (See Knott, J. C.) 

Homogenization on the curd tension 
of milk, Influence of : 

Hurrman, C. F. (See Duncan, C. W.) 

Hurrman, C. G. (See Lamb, L. W.) 

Hydrogen-ion concentration, titratable 
acidity, and quality in cheddar 
cheese, A study of the relationship 
between 


CE cream, A study of factors re- 
lated to the hardening of. ................ 
Ice eream, acidity of 
Ice cream, high solids sapeeaent 
Iee cream, The manufacture of low- 
lactose skim milk for use in .......... 
Iodine content of milk .............. 15, 
Iodine content of milk as affected by 
feeding iodized dry milk, The 
Iodine number of the butterfat, The 
relation between the hardness of 
butter and butterfat and the 
Irradiated ergosterol and irradiated 
yeast for the production of vitamin 
D-milk, The relative efficiencies of .... 
Irradiated milk ................ 433, 483, 527, 
Irradiated yeast and irradiated er- 
gosterol in the production of vita- 
min-D milk, The relative value of 


ACKSON, H. C. 
_ 
Jounson, A. H. (See Thompson, E. C.) 


(See Elvehjem, 


ING, C. G., and Wavuen, W. A. 
The effect of pasteurization upon 
the vitamin C content of milk............... 
Kuoser, M. (See Thompson, E. C.) 
Knorr, J. C., and Hopson, R. E. The 
feeding value of artifitially dried 
pasture herbage for milk production 
Krauss, W. E., BeruKe, R. M., and 
WILLARD. The relative ef- 
ficiencies of irradiated ergosterol 
and irradiated yeast for the produc- 
tion of vitamin-D milk 


. 445 


685 


4 
805 
543 
497 
409 
257 519 
83 
47 233 
737 33 
695 
763 
47 
365 
781 
475 
103 
19 
321 771 
799 
365 
543 
= 685 
607 
533 
763 
419 
489 
419 
409 
a 701 


ACTOSE, physico-chemical 
properties of .501, 533, 595, 659, 
Lactating goats, The effect of specific 
dietary fats on the blood lipids of 
Lactation and yearly records, Progress 


Some 


report on comparison of 

Lactie acid in milk and cream, Detee- 
tion of 

LaMastTer, J. P. (See Elting, E. C.) 

Lams, L, W., Winter, O. B., DuNcAN, 
C. W., Rosrnson, C. S., and Hurr- 
MAN, C. F. A study of the phos- 
phorus requirement of dairy cattle. 
II. Phosphorus, calcium and nitro- 
gen metabolism of dairy cattle when 
alfalfa furnishes the principal source 
of protein 

LEIGHTON, ALAN, LEVITON, ABRAHAM, 
and WILLIAMS, OWEN E. The ap- 
parent viscosity of icecream. I. The 
sagging beam method of measure- 
ment. II. Factors to be controlled. 
III. The effects of milkfat, gelatin 
and homogenization temperature 

Lespedeza straw for dairy cows 

Leucocyte count of milk 

Leucocyte count, the Brom Thymol 
Blue reaction and the catalase con- 
tent of freshly drawn milk, A com- 
parison of the 

LEvITON, ABRAHAM. 
Alan) 

Lusu, Jay L. (See Harris, G. M.) 

LusH, Jay L. (See Plum, Mogens) 

Lusn, R. H., and Fuercuer, J. L. 
Pasture fertilization results 


(See Leighton, 


ACHINE milking, The value of 
hand stripping after 
Mack, M. J. Controlling physica 
properties of high solids mixes 
Macy, H., and Streetz, G. H. Butter 
as a substrate for mold growth 
MALLMANN, W. L. (See Devereux, 
E, D.) 
Mastitis, detection of 75, 
Mastitis on the curd tension of milk, 
Influence of 
Mastitis, with accompanying changes 
in milk composition, Escherichia 
Coli in 


INDEX 


233 


MAYNARD, L. A. 

McCown, C. Y. (See Tracy, P. H.) 

McKetvey, J. G. (See Dutcher, R. 
Adams) 

Members of American Dairy Science 
Association, July 15, 1934 

Microorganisms falling from the 
in dairy plants, Numbers of 

Milk and butterfat yields of Jersey 
cows as affected by frequency of 
milking 

Milk and cream, Detection of lactic 
acid in 

Milk as affected by feeding iodized dry 
milk, The iodine content of 

Milk, Certain foam producing 
stances of 

Milk composition, Escherichia Coli in 
mastitis, with accompanying changes 

Milk, curd test 

Milk, detection of mastitis 75, 

Milk, Further studies of the effect of 
pasteurization on the bacterial flora 


air 


sub- 


of low count 

Milking machines, The effect of heat 
and the 
rubber parts of 

Milking, Milk and butterfat yields of 

cows as affected 
quency of 

Milking, The value of hand stripping 
after machine 

Milk, Influence of homogenization on 
the curd tension of 

Milk, Iodine content of 15, 

Milk, irradiated 483, 527, 

Milk—raw vs. pasteurized and summer 


chemical sterilization on 


Jersey by fre- 


vs. winter, The nutritional value of 7 


Milk solids in ice cream 
Milk, The effect of various methods of 
pasteurization on the vitamin B and 
the vitamin G content of cow’s 
Milk, vitamins 
Mineral metabolism 
Minerals in milk 


1, 83, 233, 
15, 


Mixes, controlling physical properties 
of high solids 

Mold growth 

Mold growth, Butter as a substrate for 

Moore, L. A., and Winter, O. B. Rate 


(See Williams, H. H.) : 


829 


799 


281 


115 


475 


397 


223 
701 47 
223 455 
737 743 
759 613 
425 
815 
759 
771 
|__| 723 
| | 
791 
639 
671 = 
281 
75 
815 
639 
737 331 
625 
519 
733 19 
607 
331 
781 
781 : 
397 455 4 
685 
351 695 
281 19 
257 781 
61 
|| 
799 


830 


of passage of inert materials 
through the ee tract of the 
bovine 297 
Mutarotation velocity of lactose 


vc W. M. (See Becker, R. B.) 1 


Nevins, W. B. Lespedeza straw for 
dairy cows 

Nutritional value of aiie—con vs. 
pasteurized and summer vs. winter, 
The 

Nutritive value of Sorgo seed 


SON, H. C., and Hammer, B. W. 
Numbers of microorganisms fall- 
ing from the air in dairy plants ..... 613 
Oxidation of milk fat, Factors influ- 
encing the initial induction period 
in the 321 


ALMER, L. 8. (See Wiese, Hilda 
29 

Pasteurization on the bestesied flora 
of low count milk, Further studies 
of the effect of 

Pasteurization on the vitamin B aa 
the vitamin G content of cow’s milk, 
The effect of various methods of ...... 

Pasteurization upon the vitamin C 
content of milk, The effect of ......... 

Pasteurized and summer vs. winter, 
The nutritional value of milks— 
raw vs. 

Pasture fertilization sesults 

Pasture grazing test, A plan and pre- 
liminary results of a permanent .. 

Pasture herbage for milk production, 
The feeding value of artificially 


. 409 
Pedigree enalysie as a basis of select- 

ing bull calves ........ 93 
Pencillium roqveforti on synthetic 

media, The growth of 61 
Puituies, Paut H. (See Chang, 

Chang Y.) 695 


Phosphate on the fluorine content of 
the organs and tissues of dairy cows, 
The effect of feeding raw rock .. 

Phosphorus metabolism in calves, Cal- 
83 

Phosphorus requirement of dairy eattle 233 

Pimientos in processed cheese .................. 


INDEX 


Pium, Mogens, and Lusn, Jay L. 
Freshening ages of purebred cows 


in Iowa cow testing Associations .... 625 
Polythelia in dairy cattle, The occur- 
rence of 559 
Production of dairy cows ............. 737 
Protein, Analysis of the adsorbed . 29 
Prouty, C. C. A comparison of the 
leucocyte count, the Brom Thymol 
Blue reaction and the catalase con- 
tent of freshly drawn milk ........ 75 
ee Progress report on com- 
parison of lactation and yearly... 737 
— Roz E. (See Supplee, 
15 
REMINGTON, Ror Studies on the 
iodine content of milk .... 19 


RippeuL, W. H. (See Caulfield, W. J) 791 
RoapHovuseE, C. L. (See Hendereen, 


J. L.) 321, 475 
Rosinson, C. 8. (See Lamb, L. W.) 233 
Roughages upon milk and_ bone 


strength in cattle, Effect of calcium- 
RueweE, H. A. (See Tuckey, 8. L.) 587 
RUSSELL, WALTER C., WiLcox, D. E., 
WADDELL, J., and Wiison, LoGAn T. 
The relative value of irradiated 
yeast and irradiated ergosterol in 


the production of vitamin D milk... 445 


S** ratio of Alaskan hybrid Hol- 
stein-Galloway calves, 
gestation period, and ................ 
SHarp, Paut F. (See Troy, H. Cc)... 
SHEALy,A.L. (See Becker, R. B.) ....... 1 
SHERMAN, J. M., and Hopez, H. M. 
Rate of growth and acid RES 
of Streptococcus lactis 
Suuttz, C. N. (See Harris, G. M. 
93 
Skim milk for use in ice cream, The 


manufacture of low-lactose ................ .. 103 
Smiru, F. R., and Henperson, J. L. 
Escherichia Coli in mastitis, with 
accompanying changes in milk com- 
position 
Solids mixes, Controlling physical 
proportion Of 781 


Solubility of lactose in salt solutions 805 


| 
¥ 
671 | 
aa 
72 
763 
343 
| 
Pe 
| 
| 
| 
| 
he 
{ 


| 
| 
i| 
| 


INDEX 


(See Templeton, 
Sorgo seed by dairy cows, The utiliza- 
tion of Atlas and Kansas Orange..... 343 
Spencer, M. B. (See Theophilus, 
STEELE, G. H. (See Macy, H.).............. 397 
Sterilization on the rubber parts of 
milking machines, The effect of heat 
and chemical ates 475 
Sterilizers for dairy use, Studies of 
the technic to evaluate the efficiency 
of several chlorine ............. . 351 
Streptococcus fecalis S25 
Streptococcus lactis from Strepto- 
coecus feealis, The differentiation of 525 
Streptococcus lactis, Rate of growth 
and acid production of ............ 497 
SuppLez, G. C., and Dorcas, M. J. 
Characteristics of the flowing film 
required for optimum efficiency of 
antirachitie activation 
Supp.teE, G. C., and Dorcas, M. J. 
Irradiated milk: The _ reflecting 
properties and antirachitie activa- 
tion as affected by the impingement 
angle of the incident radiation ....... 607 
Suppe.tee, G. C., and Dorcas, M. J. 
Irradiated milk: The transmission 
and antirachitie activation of milk 
films by ultra-violet radiations ....... 433 
G. C. (See Ansbacher, 8)... 723 
Supputee, G. C. (See Hanford, Z. 


to 


. 15, 771 
G. C. (See Remington, 
_ supernumeraries ......... 559, 571 
TEMPLETON, HueGH L., and Sommer, H. H. 
Cheese spreads ............. . 373 
TEMPLETON, HvuGH L., and SomMER, H, H. 
Pimientos in processed cheese... 361 
TEMPLETON, HueH L., and Sommer, H. H. 
Studies on whipping cream ...... 307 


THEOPHILUS, D. R., Hansen, H. C., 
and Spencer, M. B. Influence of 
homogenization on the curd tension 
of milk . . 519 

THOMPSON, E. C., HL, onl 
K1Loser, M. Standards and meth- 
ods of analysis of dry skim milk....... 419 


Tracy, P. H., and McCown, C. Y. A 
study of factors related to the hard- 
ening of ice cream 

TRELOGAN, H, C., and Comss, W. B. 
Fat rising in cream 

TRELOGAN, H, C., and Comns, 
Methods for testing frozen cream 

Troy, H. C., and SHarp, Paut F. De- 
tection of lactic acid in milk and 

Tuckey, 8. L., H. A., and 
CLaRK, G. L. The application of 
X-rays to research in dairy tech- 
nology 


Lae tension of lactose 


Viscosity of ice cream 
Vitamin C content of milk, The effect 
of pasteurization upon the 
Vitamin-D milk, The relative efficien- 
cies of irradiated ergosterol and ir- 
radiated yeast for the production of 
Vitamin-D milk, The relative value of 
irradiated yeast and irradiated er- 
gosterol in the production of 
Vitamins, effect on mineral metabolism 
Vitamins, irradiated milk, 433, 483, 527, 
Vitamin studies 


ADDELL, J. (See Russell, Wal- 
ter C.) 
WarkREN, T. R. (See Atkeson, F. W.) 
Water consumption of dairy cows 
Water requirements of dairy calves 
WauGeu, W. A. (See King, C. G.) 
WECKEL, K. G. (See Elvehjem, C. A.) 
Whipping cream, Studies on 
WHITAKER, RANDALL. The color im- 
parted to coffee cream treated in 
VaTioUS WAYS 
Waite, W. Birth- -weight, gesta- 
tion period, and sex ratio of Alas- 
kan hybrid Holstein-Galloway calves 


“Wiese, F., and Paumer, L. 8. 


Substances adsorbed on the fat 
globules in cream and their relation 
to churning .. 
Wicox, D. E. (See Russell, Walter C. ) 
WILLARD. (See Krauss, W. E.) 
WituiaMs, H. H., and Maynarp, L. A. 
The effect of specific dietary facts 


831 


686 


651 


445 
685 


| |_| 
47 
| 
675 
717 
| 
759 
587 
| 639 
489 
= 
445 
83 
607 
455 
| 
445 
249 
265 
249 
489 
763 4 
307 
= 
709 


832 


on the blood lipids of lactating 


goats) 


WILLIAMS, OWEN E. (See Leighton, 


Alan) 


Witson, Joun L., and Cannon, C. Y. 
The value of hand stripping after 
machine milking 


Witson, L. T. 


(See Hanford, Z. M.) 


INDEX 


223 


639 


331 


771 


Witson, Logan T. (See Russell, 
Walter C.) 
Winter, O. B. (See Lamb, L. W.) 
Winter, O. B. (See Moore, L. A.) 
Wotsere, F. B. (See Fitch, J. B.) 


— to research in dairy tech- 
nology, The application of 


445 
233 
297 


343 


587 


Bie 
q 
i 
| 


JOURNAL 


OF 


DAIRY SCIENCE 


VOLUME XVII 


JANUARY, 1934, ro DECEMBER, 1934 


1934 


THE SCIENCE PRESS PRINTING COMPANY 
LANCASTER, PENNSYLVANIA 


EDITORIAL BOARD 


A. C. DAHLBERG, Editor 
Geneva, N. Y. 


Associate Editors 


L. 8S. PALMER C. W. Larson H. A. RUEHE 
St. Paul, Minn. Buffalo, N. Y. Urbana, Il. 

E. G. HAstiIncs E. B. MEIgs F. SHARP 
Madison, Wis. Beltsville, Md. Ithaca, N. Y. 

O. F. HuNzIKER L. A. Rogers C. E. Gray 
Chicago, Til. Washington, D. C. San Francisco, Cal. 


Committee on Journal Management 


O. F. Hunziker, Chairman 
Chicago, Ml. 
R. R. GRAVES A. A, BoRLAND 
Washington, D. C. State College, Pa. 


Correspondence regarding business policies of the Journal should be addressed to the 
Editor. The use of material published in the Journal is encouraged and a liberal policy 
will be followed concerning reproduction of articles with proper notation as to source. 


Subscriptions and Advertising should be mailed direct to the Science Press Printing 
Company, Lime and Green Streets, Lancaster, Pennsylvania. 


4 


CONTENTS 


JANUARY, NO. 1 


Effect of caleiwm-deficient roughages upon milk yield and bone strength in cattle. 


R. B. Becker, W. M. Neat and A. L. SHEALY .......... 1 
The detection of the Escherichia-Aerobacter group in Buster. M. GrRIMEs ll 
Studies on the iodine content of milk. I. Effect of desiccation and storage Z. M. 

HANForD, G. C. SUPPLEE and Rog E. REMINGTON ; 15 
Studies on the iodine content of milk. II. Variation in the mined milk of herds. 

ROE E. REMINGTON amd G. C. 19 


Substances adsorbed on the fat globules in cream and their relation to churning. 
III. Analysis of the adsorbed protein. Hitpa F, Wiese and L. 8S. PALMER 29 
A study of the relationships between hydrogen ion concentration, titratable acidity, 


and quality in cheddar cheese. L. W. BRowN and WALTER V. PRICE 33 
A study of factors related to the hardening of ice cream. P. H. Tracy and C. Y. 

McCown ............. 47 
Association Announcements 61 


FEBRUARY, NO. 2 


The Growth of Penicillium roqueforti on Synthetic Media. N.S. GoLpInG 61 
A Comparison of the Leucocyte Count, the Brom Thymol Blue Reaction and the 
Catalase Content of Freshly Drawn Milk. C. C. Prouty 75 
The Effect of Daily Massive Doses of Viosterol Upon Calcium ond ae en 
Metabolism and Blood Calcium and Inorganic Phosphorus in Calves. C. W. 
Duncan and C, F. HurrMan 83 
Pedigree Analysis as a Basis of Selecting Bull Calves. LYNN COPELAND 93 
The Manufacture of Low-lactose Skim Milk for Use in Ice Cream. B. H. WEBB 
and O. E, WILLIAMS 103 
Further Studies of the Effect of Pasteurization on the Bacterial Flora of Low Count 
Milk. C. C. Provuty 115 
Association Announcements ome 121 


Erratum.—Through an error the March number started with page 223 instead of 123. 


MARCH, NO. 3 


The Effect of Specific Dietary Fats on the Blood Lipids of Lactating Goats. H. H. 
WILLIAMS AND L. A. MAYNARD 223 

A Study of the Phosphorus Requirement of Dairy Cattle. IT. Phosphorus, Calcium 
and Nitrogen Metabolism of Dairy Cattle When Alfalfa Furnishes the Prin- 
cipal Source of Protein. L. W. Lams, O. B. Winter, C. W. Duncan, C. 8. 


RoBINson AND C. F, HurrMan 233 
By-Laws of the American Dairy Science Association ccaiiaaposebtierionsiiiaiiatie 243 
Water Requirements of Dairy Calves. F. W. ATKESON, T. R. WARREN, AND G. G 

ANDERSON ........... 249 


Influence of Mastitis ¢ on the Curd Tension of Milk. H. C. Hansen, D. R. THEO- 
PHILUS, F. W. ATKESON, AND E. M. GILpow .... 257 


iii 


lv CONTENTS 


The Influence of Type of Ration and Plane of Production on Water Consumption 
of Dairy Cows. F. W. ATKESON AND T. R. WARREN 
Announcements 


APRIL, NO. 4 


Laboratory Methods for the Detection of Milk from Cows Infected with Mastitis. 
W. V. HALVERSEN, V. A. CHERRINGTON and H, C. HANSEN 

Rate of Passage of Inert Materials Through the Digestive Tract of the Bovine. 
L. A. Moore and O. B. WINTER 

Studies on Whipping Cream. Huey L. TEMPLETON and H. H. SomMER 

Factors Influencing the Initial Induction Period in the Oxidation of Milk Fat. 

The Value of Hand Stripping After Machine Milking. Joum L. WILson and C. Y. 
CANNON .. 


MAY, NO. 5 


The Utilization of Atlas and Kansas Orange Sorgo Seed by Dairy Cows. J. B. 
Studies of the Technic to Evaluate the Efficiency of Several Chlorine Ste rilizers for 
Dairy Use. E. D. DEVEREUX and W. MALLMANN 
Pimientos in Processed Cheese. Huau L. TEMPLETON and H. H. SOMMER .....W..... 
The Influence of Citric Acid Upon Titratable Acidity and Hydrogen-ion Concentra- 
tion of Frozen Desserts. A. C. DAHLRERG and J. C. 
Cheese Spreads. II. Hueu L. TEMPLETON and H. H. SomMMER wer 
The Fat Percentage of Milk as Affected by Feeding Fats to Dairy Cone, ‘Nar 
Butter as a Substrate fer Mold Growth. H, Macy and G. H. STBELE onsen 
The Feeding Value of Artificially Dried Pasture Herbage for Milk Production. J. C. 
Knorr and R. E. Hopesov ......... 


JUNE, NO. 6 


Standards and methods of analysis of dry skim milk. E. C. THompson, A. H. 
JOHNSON and M, KLOSER 

A plan and preliminary results of a permane ont pasture grazing test. E. C. ELTING 
and J. P. LAMASTER 

Irradiated milk: The transmission and antirachitic activation of milk films by 
violet radiations. G. C. SuPPLEE and M. J. Dorcas 

The relative value of irradiated yeast and irradiated ergosterol in the production of 
vitamin D milk. C. D. E. Wincox, J. WAppELL and Logan 

Vitamin studies XX. The effect vy various methods of pastourisation « on ‘the vitamin 
B and the vitamin G content of cow’s milk. R. ADAMS DutcHeEr, N. B. GueEr- 

Program of annual meeting of the American Dairy Soie nee Ascesiation 


JULY, NO. 7 


The effect of heat and chemical sterilization on the rubber parts of milking machines. 
J. L. Henperson, C. L. RoApHOUSE and A. FOLGER 


. 265 


. 281 


. 297 
307 


. 331 


. 433 


278 


321 


339 


343 
351 
361 
365 
373 
379 
397 
409 
417 
419 
425 
445 
455 
467 


CONTENTS 


Irradiated milk: The influence of fat content and time of exposure on the anti- 
rachitic potency. G, C, SuppLEE, G. E, FLANIGAN and R. C. BENDER 
The effect of pasteurization upon the vitamin C content of milk. C. G. Kine and 


W. A. WauGH 
Rate of growth and acid production of Streptococcus lactis. J, M. SHERMAN and 
H. M. Hoper 


Some physico-chemical properties of lactose. I. The spontaneous crystallization of 
supersaturated solutions of lactose. B. L. HEeRRINeTON dies 

Influence of homogenization on the curd tension of milk. D. R. Turopuitus, H. C. 
HANSEN and M. B. SPENCER 


AUGUST, NO, 8 


The Differentiation of Streptococcus Lactis from Streptococcus Fecalis. JAMES M. 
SHERMAN and PAULINE STARK 

Irradiated Milk: Characteristics of the Flowing Film Required fer Optimum 
Efficiency of Antirachitic Activation. G. C. SupPLEE and M. J. Dorcas 

Some Physico-Chemical Properties of Lactose. II. Factors Influencing the Crystal- 
line Habit of Lactose. B. L. HERRINGTON ....... 

The Relation Between the Hardness of Butter and Butterfat pry the Todine Member 
of the Butterfat. S. T. Couvrer and O. J. Hin 

The Relation of the Composition of Butterfat to the Churnability of Oream, Ss. T. 
CouLTER and W. B. ComBs 

The Occurrence of Polythelia in Deiry Cattle. "WARREN 

The Butterfat Records of Cows Possessing Supernumeraries Compared with ‘Cows 
Having the Normal Number of Teats. WARREN GIFFORD ...................... 

Proceedings of the 29th Annual Meeting of the American Dairy Boience Association. 
R. R. GRAVES 


SEPTEMBER, NO. 9 


The application of X-rays to research in dairy technology. S. L. Tuckey, H. A 
Some physico-chemical properties of lactose. UI. The aqueous vapor tension of 
Alpha hydrate-anhydride systems. The preparation of Alpha anhydride. B. L. 
HERRINGTON ............ 

Irradiated milk: The refuctiog properties ond. estivation. as affected te 
the impingment angle of the incident radiation. G. C. SupPLEE and M. J. 

Numbers of microorganisms falling from air in » C. OLson and 
B. W. HAMMER 

Freshening ages of purebred cows in Iowa cow > testing. Mogens Pw M 
and Jay L. LusH 

The apparent viscosity of ice cream. I. The sagging beam method of measurement. 
II. Factors to be controlled. III. The effects of milkfat, gelatin and homog- 
enization temperature. ALAN LEIGHTON, ABRAHAM LEVITON and Owen E. 
WILLIAMS 


OCTOBER, NO. 10 


The color imparted to coffee by cream treated in various ways. RANDALL WHITAKER 
Some physico-chemical properties of lactose. IV. The influence of salts and acids 
upon the mutarotation velocity of lactose. B. L. HERRINGTON 


595 


607 


Vv 
| 
497 
519 F 
525 
527 
533 
543 | 
551 
559 
571 
575 
|_| 
|_| 
| 
|| 
613 
625 
693 
651 
659 


vi CONTENTS 


Lespedeza straw for dairy cows. W. B. NEvVENS ....... 
Fat rising in cream. H.C. TRELOGAN and W. H. Comss o 
The relative efficiencies of irradiated ergosterol and irradiated goat for the produc- 
tion of vitamin-D milk. W. E. Krauss, R. M. Beruxe, and WILLARD WILDER 
The effect of feeding raw rock phosphate on the fluorine content of the organs and 
tissues of dairy cows. CHANG Y. CHANG, Pau. H. PuHI.uips, and E, B. Harr .... 


NOVEMBER, NO. 11 


Some physico-chemical properties of lactose. V. The influence of other substances 
upon the equilibrium rotation of lactose. B. L. HERRINGTON WW... 

Birth-weight, gestation period, and sex ratio of alaskan hybrid holstein-galloway 

Methods for testing frozen cream. H. C. TRELOGAN and W. B. Comss 

Certain foam producing substances of milk. 8S. ANSBACHER, G. E. FLANIGAN and 
G. C. SUPPLEE 

Pasture fertilization results, R. H. and J. FLETCHER ...... 

Progress report on comparison of lactation and yearly records. G. M. Harris, Tay 
L. LusH and C. N. SHULTz 

Members of American Dairy Science Association, July 15, 1934 

American Dairy Science Association announcements 


DECEMBER, NO. 12 


Detection of lactic acid in milk and cream. H. C. Troy and Pau F, SHAarp 

The nutritional value of milks—raw vs. pasteurized s summer vs. winter. C. A. 
EtvenJem, E. B. Hart, H. C. Jackson and K. G. WEecKEL 

The iodine content of milk as affected by feeding ae milk. ZAtpA M. HANForp, 


G. C. and L. T. WILson 
Controlling physical properties of high solid mizes. M. Mack 
A study of some factors influencing the Hill curd test. . J. CAULFIELD ona W. #H. 


E. coli in mastitis with accompanying anges in mille R. 
Some physico-chemical properties of lactess. VI. The ‘solubility in salt 

solutions; the isolation of a compound of lactose and calcium chloride. B. L. 
Milk and butterfat yiolds of cows as fected by feoquenay of 
LYNN COPELAND 
American Dairy Science Association | announcements 


671 
675 
685 
695 
01 
= 
a 57 
759 
ne 763 
771 
781 
291 
99 
05 
15 
25 
i 


JOURNAL OF DAIRY SCIENCE 


OFFICIAL ORGAN OF 
AMERICAN DAIRY SCIENCE ASSOCIATION 


A. C. DanupBera, Editor 
Geneva, N. Y. 


Associate Editors 


L. S. PALMER C. W. Larson H. A. RUEHE 
St. Paul, Minn. Buffalo, N. Y. Urbana, Ill. 
E. G. HasTINGsS E. B. MEIcs Pau. F. SHARP 
Madison, Wis. Beltsville, Md. Ithaca, N. Y. 
O. F. Hunziker L. A. RoGERs C. E. Gray 
Chicago, Ill. Washington, D. C. San Francisco, Cal. 


Committee on Journal Management 


O. F. Hunziker, Chairman 
Chicago, Ill. 


R. R. GRAVES A. A. BORLAND 
Washington, D. C. State College, Pa. 


The Journal of Dairy Science is issued monthly. Subscription is by 
the volume and one volume is issued per year. 


Manuscripts should be typewritten and carefully revised before sub- 
mission to A. C. Dahlberg, New York Agricultural Experiment Station, 
Geneva, New York. Twenty-five reprints will be furnished gratis to 
authors. Cost of additional reprints and reprint order blank will be sub- 
mitted with proof. 


Subscriptions. Price; $5.00 per volume in United States, Canada and 
countries within the postal union; $5.50 in countries outside the postal 
union. Prices are net, postpaid. New subscriptions and renewals are 
entered to begin with the first issue of the current volume unless other- 
wise stated. Renewals should be made promptly to avoid a break in the 
series. 


Subscriptions and Advertising should be mailed direct to the Science 
Press Printing Company, Lime and Green Streets, Lancaster, Pennsylvania. 


All subseriptions from the British Isles and British Empire (with the 
exception of Canada) should be ordered through our agents: Messrs. 
Bailliere, Tindall and Cox, 7 and 8 Henrietta Streets, Covent Garden, 
London, W.C.2, England. 


Correspondence regarding business policies of the Journal should be 
addressed to the Editor. The use of material published in the Journal is 
encouraged and a liberal policy will be followed concerning reproduction 
of articles with proper notation as to source. 


MARSCHALL’S 


for dependable help 
in the cheese vat 


RENNET EXTRACT 
RENNET POWDER 
CHEESE COLOR 
D-S-D Disinfectant 


Samples and detailed information 
gladly furnished 


Marschall Dairy 
Laboratory 


Chr. Hansen's 
Laboratory, Inc. 


SCIENTIFIC CONTROL 


governs every step in making 
Hansen’s Dairy Preparations in 
this modern laboratory. In this 
way we have constantly im- 
proved the quality and main- 
tained absolute uniformity of 
Hansen’s Rennet, Cheese Color, 
Butter Color and Lactic Fer- 
ment Cultures. 


CHR. HANSEN’S LABORATORY, INC. 
Milwaukee, Wis. 


JOURNAL OF DAIRY SCIENCE 


Official Organ of 
American Dairy Science Association 


Agents in Foreign Countries 


For Argentina and Uruguay: Beutelspacher y 
Cia, Sarmiento 815, Buenos Aires. 

For Australia: Angus & Robertson, Limited, 
89-95 Castlereagh Street, Sydney; Stirling 
& Co., 317 Collins Street, Melbourne. 

For Belgium: Henri Lamertin, 58 Rue Couden- 
berg, Bruxelles. 

For the British Empire, except Australia and 
Canada: Bailliére, Tindall & Cox, 8 Hen- 
rietta St., Covent Garden, W. C. 2, London. 

For Canada: Wm. Dawson & Son, Ltd., 87 
Queen Street East, Toronto. 

For China: Commercial Press Ltd., Paoshan 
Road, Shanghai, China. 


Subseription price is $5.50 per volume, postpaid, except in Canada and 
countries within the Postal Union where the price is $5.00. 


The Science Press Printing Company, 
Lancaster, Pa., U. S. A. 


For Denmark: H. Hagerup’s Boghandel, Goth- 
ersgade 30, Kjébenhavn. 

For France: Emile Bougault, 48 Rue des 
Ecoles, Paris. 

For Germany: B. Westermann Co., Inc., Kraus- 
enstrasse 38, Berlin NW 19, Germany. 

For Holland: Scheltema & Holkema, Rokin 
74-76, Amsterdam. 

For Japan and Korea: Maruzen Company, Ltd. 
(Maruzen-Kabushiki-Kaisha), 11 to 16 
Nibonbashi Tori-Sanchome, Tokyo; Fuku- 
oka, Osaka, Kyoto, and Sendai, Japan. 

For Spain: Ruiz Hermanos, Plaza de Santa 
Ana, 13, Madrid. 


SN 
! 
4 
: 


"Accor ACY 


in the testing of milk and milk prod- 
ucts is even more Hecessary in research 


and laboratory work than it is in the 


- daily operation of a milk plant. 


The Mojonnier Tester for determining 
the butter fat and total solids content 
of milk provides this great accuracy 
and at the same time permits tests.to 
be made rapidly, the average time per 
test bemg less than 30 minutes. The 


Mojonnier Tester is the only apparatus 


on the market which provides a means 
of making butterfatand total solids tests 


the same sample sncously. 


Fort colleges, agricul’ 
stations and other lo 


a limited cum) 


needed daily, the Moc. 
provides ample capac. 


Raving fourfimes gre 


also available. 


Fadl partitulars wii) 


upon request. 
MOIONNIER 
4601 W. Ohio S: 


ests are 

Kher models 


MILK 


= 


+. 4 
4 
“= 
Ay 
& 
4 
% 
are 
4 
| 
ae 
it 
ago. 


)REETINGS | 


"North or Sozxtii, Fast or pou 
1 may be daring the holiday season. we-again - 
Indian. Hao the New Year bring von a faller share 
. of contentment and prosperity and as much genuine 
pleasure in ali your business relationships ae me 
The J. B. Ford Company 
W yaedotte, Michigan 


Caltare Media Routine Use. | | 


Bacto-Nutrlent Agar 


Racto-N atrient when prepared fap the in toy 
roution plate count of and other a 
comforne ef the requirements of Metheds,”” and ane. 
comparable counts, Neither filtration of the acr adjustiewnt of =. 
Bacto-Netriest Ager, ie sepplied t dairy when 
TYhie metliox tee aud “pi rowed: by the Committe: of the 


of Dairy Milk 


Bacto-Mak Agar 

Racto: Malt is widely used for detection of 

The media is readity wnde ap for wee and easily, were 


hide 


Dirco LABORATORIES 


3 i reaction ou the Label, if 
ij 

| 


i 


> 
‘ 
q ‘ 
4 
q 
we 
va 
— 


